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i help bring your records storage out of the 
dark ages and up to speed, get into fast, 
economical IBM Optical Library Dataservers. 
These optical storage systems put thousands 
of pages of printed reports or microfiche on an 
optical disk about the size of a CD, then pack as 


IBM 3995 Optical Library Dataserver 








many as 144 disks into a simple, reliable “jukebox? 
The result: an online library that locates records in 


It sets new records 
for retrieving old records. 


seconds, for scores of simultaneous users—with vastly 
improved security, too. 

IBM 3995 Optical Library Dataservers come 
in a variety of sizes and configurations. They fit 
neatly into existing LAN, midsize or mainframe 
operations, so current applications need little or 
no modification. And IBM optical drives are 

designed for optimum reliability. 

IBM and IBM Business Partners can provide 

customized storage solutions, including appli- 
cations, installation, training and long- 
term service, too. For more information 
call 1 800 IBM-6676, ext. 707. 


And put your old microfiche in t 


IBM 3995 Optical Library 
Dataservers store and 
retrieve millions of pages 
on write-once or rewritable 
optcal disks, for storage 
that’s as flexible as it 

ts affordable 


he storage 


facility that suits it best: the circular file. 
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Mm clbUN@ claws (GQ ckOnly\ oun 4 
1.4 and 1.0 Gbyte DRIVES 


Immediate Delivery 
4 The DK315 has everything you want Five year warranty 
in a hard disk drive 400.000 hr. MTBF 
31/2", 1.4 or 1.0 Gbyte capacity 


Fact SCSI-2 interface In fact, with its exceptional reliability, 


the DK315 might just have the lowest 





Data ag labiias rate 4 6 MB. bi Ge ©) cost of ownership around 

2.7 MB/sec 

11.8 ms average seek time Prove it to yourself. 

Paolo (sh iarl6hlele) er lalaslehe-laaa Call today. 


HITACHI 





Immediate 
Delivery 
on DK326 
1 Gigabyte 
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CLARiiON welcomes you 











to the new Peace Movement. 


flexibility, and reassuring quality. 
Now our new Series 1000 Disk Arrays 
offer economical entry-level storage 
solutions for small to medium-scale 
enterprises. And our unique caching 
feature delivers overall enhanced 


So whether you’re an IBM,* 

Novell user; whether you’re a VAR 
or distributor; whether your 
enterprise is large or small; find true 
data peace of mind with CLARiiON. 
Call 1-800-67-ARRAY 

With over 15 million hours of 
customer satisfaction we're... 


Leading the 
Peace Movement 


CLARIIONS= 


A Business Unit of Data General a, The Open Systems Experts c 3 on Reader inquiry Card 





A NEW GENERATION OF 
PC TECHNOLOGY HAS 


TeamPro 4000 





Introducing TeamPro> 
The World's First Multi- 
Workgroup Computer. 


TeamPro from HTR is the next 
metamorphosis in PC technology 
that matures today’s desktop PC 
into a full-grown workgroup 
computer. Progressing from ineffi- 
cient PC-based LANs to a highly- 
structured workgroup-based 
LAN; from a slow 10Mbps net- 
work transfer rate to a high- 
speed 80Mbps; from a single 
CPU to multiple CPUs in one 
chassis; from single-host devices 
to multiple-host device sharing; 
TeamPro’s workgroup technolo- 
gies prevail. TeamPro redesigns 
workgroup connectivity, reshapes 
network architecture, and maxi- 
mizes workgroup and network 
productivity. 


TeamPro \s An Expandable PC. 


The TeamPro workgroup computer is a better PC 
to begin with. Start with one PC and expand by 
adding CPU cards as the workgroup grows. A 
tower-sized TeamPro-4000 can accommodate up 
to 5 different TeamCPUcards from 386/486 to 
Pentium, providing tremendous cost savings and 
flexibility in system integration, expansion and 
upgrades. In addition, any existing PC can be 
converted into a 2-PC workgroup computer by 
using the TeamPro-il add-in kit. TeamPro’s 
unprecedented built-in workgroup capability has 


made it the new desktop standard for the 90's 


TeamPro \s A Workgroup Computer. 


Coupled with a peer OS, like NetWare Lite™ or 
Windows for Workgroups; the TeamPro work 
group computer is the total system solution for a 
workgroup covering an area of up to 20,000 sq. ft 
Featuring specially designed workgroup-oriented 
hardware and software, TeamPro provides such 
benefits as 
¢ instant plug-and-play workgroup connectivity 
at 80 Mbps 
© multiple-host device sharing that optimizes 
overall performance 
© self-diagnostic capability for multiple CPUs 
© cost savings from elimimating redundant 
hardware 
¢ “green computing” with reduced noise and 


low power consumption 


TeamPro offers superior workgroup computing 
that cannot be achieved by loosely-connected PCs 


or a small peer-to-peer network 
— — 
Worxsrour Linx at 80 Maps 
a — 


TeamPro piv i-play workgroup computing 
TeamPro \s A Network Subnet. 
As the PC-based LAN evolves toward the 
Workgroup-based LAN, the TeamPro workgroup 
computer becomes the perfect network building 
block. Used as a network subnet, TeamPro pro 


vides distributed processing for the workgroup 








while reducing unnecessary network traffic to the 


file server. TeamPro improves network productivity 
and security by 
© instantly creating multiple network nodes 
¢ allowing concurrent workgroup communications 
© preventing possible data loss due to heavy 
data transfer 
¢ isolating outdated equipment from slowing 
down the network 
¢ excluding unauthorized access to the file server 


The TeamPro-based LAN makes workgroup com 
puting and client-server computing work together 


pertectly 


Networx Linx (Winecess, FDI, Erwennet, Toxen Rive...) 


tured TeamPro-based | AN 


TeamPro \s Available Today. 


The future of networking is available today in 
one cost-effective, powerful solution. HTR invites 
you to explore business opportunities with us, 
and see how we can expand your product offer 
ing. Our VAR programs offer a healthy profit 
margin and extensive technical support. HTR is 
strongly committed to the success of each of our 


VAR partners. Contact us today 


|-800-4-TeamPro 


AiR 


HT Research Inc., 1342 Bell Avenue, Tustin, CA 92680 
714) 566-9100, FAX (714) 566-9109 
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14 OCR 


OCR ALONE CAN’T ADDRESS ALL 
DOCUMENT PROCESSING NEEDS 
Adding new “intelligent” technologies to OCR 
could eliminate data entry as we know it. 


RANDALL STERN 
Symbus Technology Inc. 


18 CROSSPOINT ARCHITECTURE: 
NEXT STEP IN MULTIPROCESSING 


AARON BOXER 
Concurrent Computer Corporation 


NETWORK TECHNOLOGIES 


23 SYNCHRONOUS DATA COMPRESSION 
EMERGES AS WAN COST-CUTTER 


SDC over dial-up lines can duplicate switched 56 
(SW56) or ISDN functionality for as little as 
one-third the cost. 


DAVID McNAMARA 
Motorola Codex 


NETWORK UPS 


FERRORESONANT UPSs FACE PFC 
PROBLEMS 


AARON L. DAVIS 


American Power Conversion 


NETWORK SECURITY 


A LAYERED DEFENSE PLUGS THE VIRUS 
SECURITY GAP 


SUSAN RICHARDSON and RONALD SULLIVAN 
Reflex Inc. 
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SEPARATING FACT FROM FICTION IN SMS 
(STORAGE MANAGEMENT SERVICES) 
SMS is a set of specifications designed to solve 

the problems of managing data in heterogeneous 
environments. 


MICHAEL KIDD 
Palindrome Corp. 


HIGH RPMs ADD SPEED TO CD-ROMs 
AND MINICHANGERS 


RICHARD MILLETT 
Pioneer Technologies 
CD-ROM 


MPEG VIDEO CD STANDARD HASTENS 
DIGITAL VIDEO PLAYBACK ON THE PC 


The pathway for adoption of digital video on the PC 


will become very clear in 6-12 months. 


HOWARD GORDON 
Xing Technology 


STANDARDS 


THE EASY ROAD TO INFORMATION 
INTERCHANGE OPTICAL STANDARDS 

The growing list of optical standards takes some of 

the mystery out of the technology. 


GARNER and ARNOLD JONES 
Micro Design International 


FLASH MEMORY 


CHOOSING AND INTEGRATING CURRENT 
FLASH SOLID STATE STORAGE SYSTEMS 


MARKUS LEVY and PEDRO VARGAS 
Intel Corp. 








DENNIS HAYES 


STREAMING RAID—A DISK ARRAY 
MANAGEMENT SYSTEM FOR VIDEO FILES 
Conventional file servers and storage systems are 
not well-suited to support video over LANs. 


FOUAD TOBAGI, JOSEPH PANG, RANDALL BAIRD 


and MARK GANG 
Starlight Networks 


PCMCIA 

BLOCK FLASH FILE SYSTEMS DELIVER 
MASS STORAGE FOR MOBILE COMPUTING 
By emulating a disk at the sector level, Block FFS 
makes flash memory an ideal solution for mobile 
mass storage. 


AMIR FRIEDMAN 
M-Systems Flash Disk Pioneers 


TAPE STORAGE 
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LAN BACKUP 


VIRTUAL TAPE BRINGS COOPERATIVE 
APPROACH TO LAN BACKUP 

Virtual tape functions as a CPI-C/LU6.2 gateway 
between LAN backup software and the mainframe. 


GREG COTICCHIA 
Emprise Technologies 


FIBRE CHANNEL 


DEFINING FIBRE CHANNEL FOR NETWORK 
AND CHANNEL PROTOCOLS 

Fibre Channel is a new I/O interface for network 
and channel users to expand interconnects for tape, 
disk and other peripherals. 


JAN DEDEK and GARY STEVENS 
Ancot Corp. 





of Data Storage Concepts 
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"growth Fn» ses rer hg But, important to the 
end user, Exabyte has increased its R&D spending by more 
than 50% both as a percentage to revenue and in absolute 

dollars during the past year. 

Already the 4 mm DAT drive market has been reduced— 
partially due to price wars—to two main suppliers (HP and 
Conner), with three smaller suppliers—Sony, WangDAT and 
Exabyte. This is from a total of 36 companies developing 
DAT drives just four years ago. 

DAT drive product prices continue to drop, almost on a 
quarterly basis reminiscent of disk price-war policies. The 
effect on 4 mm DAT R&D has been to accelerate develop- 
ments for higher performance products, while at least one 
company is gambling on off-shore manufacturing for cost 
competitiveness. 

The high performance .25-in. full-size cartridge drive market 
has Wangtek and Tandberg sharing the majority of product 
shipments. These two companies are relatively financial equals, 
albeit not in the same league as HP or Conner that have 
dropped this type of product in favor of alternate technologies. 

The primary price war for the full-size .25-in. cartridge 
will come from alternate technologies: 4 mm DAT, 8 mm 
and/or DEC’s DLT drives. This lack of a direct price war is 
particularly enhanced with the recent agreement between 
Wangtek and Tandberg for standardization on future high- 
capacity versions of full-size .25-in. cartridge drives. 


R&D Financing Dynamics 


The initial reaction to a price war is to assume that as a 
company’s profits decline the company will not have (or 
apply) enough resources to continue to be competitive on 
an R&D basis. 

Quite the opposite is often true. A company will over-invest 
in R&D when profits decline in the belief that it can engineer its 
way to profitability. This to the detriment of an effective mar- 
ket presence. The obvious mistake is to try to engineer to prof- 
itability in the same product line that is involved in a price 
war. There is a point of diminishing returns where engineering 
could best be spent in the follow-on product rather than cost- 
reducing the current, price-pressured product 


THe Business Or 
on TECHNOLOGY 


accounting 
expense from appearing on the profit and loss statement, 
thereby raising short-term profits. An example of this 
approach is a financial investment in a joint venture, where 
the joint venture performs the R&D for a product in return 
for future considerations. This balance sheet approach is 
protected from the income statement in some instances, 
allowing for continued, or increased, product development 
without negative P&L results. 

Off-balance sheet financing is a third approach to R&D 
spending. This approach involves a company owning a por- 
tion of a joint venture without a significant financial invest- 
ment. Another company—perhaps an R&D partnership—devel- 
ops the product, the other company markets the product and 
perhaps manufactures the newly developed product in return 
for consideration. This was a popular approach in the early 
1980s. StorageTek, as an example, was involved in a number 
of R&D product partnerships during this period. 


The Technology Impact 


Naive companies cease to plan and strategize during a price 
war. Alternatively, a company, if not careful, can re-direct 
itself in both marketing and engineering to the point of win- 
ning the current price battle, but losing the war on a com- 
pany-wide basis. 

Historically, if a company has diversified its product lines, it 
will survive and prosper. Those companies that focus strictly 
on market share, and have a limited product portfolio, experi- 
ence wide swings in profitability as competitors continue to 
drive prices down. 

R&D continues to be expended during price wars, howev- 
er, only not necessarily in the existing product line. The 
technology advantage to the end user during a price war 
thereby expands, as more new products are introduced 

Price wars are healthy... at least for the end user. @ 

Lee H. Elizer is president of Data Storage Concepts 
Boulder, Colorado 
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If you’re going mobile, you should be taking Seagate along 
Introducing the Seagate FlashCard—the ultimate storage 


solution for the new age of data portability 

Whether it’s for a palmtop, notebook, or even a desktop PC 
here’s a tiny device with some huge advantages. It’s extremely rugged 
It’s easy on your batteries. And when you take it out and take it along 
the FlashCard allows you to pack-up your office and put it in your pocket 


Seagate’s FlashCard complies with the universally 


4 


accepted standard, PCMCIA-ATA. And you can choose AY, 
from a range of models from 1.8 to 20.9 Mbytes of formatted capacity 


mw Call 408-438-8111 if you'd like more information 


or if you’re ready to go 


SS Seagate 


THE DATA TECHNOLOGY COMPANY 
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in Focus 


WITH DENNIS HAYES 


Hayes Microcomputer Products Inc. 


Your network should work 
hard to let you work easy. 


computer industry should shift its thinking to “Is the 
LAN as we know it today what we need to be offering our 
customers?” Are networks what they should be in 
order to serve our customers and to take the customers 
applications into the future? 

Unlike too many networks today, networks should be easy- 
to-use, easy and inexpensive to maintain and easy to expand. 
To obtain these goals, you need a powerful network that is 
designed to be more complicated on the inside so that it is 
simpler on the outside. This type of networking technology 
cannot be just another layer of technology, another version, 
laid on top of existing technology, a process made so popular 
in recent years. We must look at a new wave of technology that 
will take us to the next level of connectivity. 


Today’s Network Perspective 

As an industry we tend to view LANs from a product-oriented, 
technology perspective. We talk about high-end networks and 
low-end networks. High-end LANs are considered to be powerful, 
have advanced features, and everyone knows they require con- 
stant maintenance and an expensive network administrator who 
constantly functions as a network 
mechanic. We usually look at the 
client-server model when refer- 
ring to high-end networks. 

When we talk about low-end 
LANs, we think of the DOS- 
based, peer-to-peer networks 
that are generally easy to install 
but lack many of the advanced 
features of high-end networks. 
Today's low-end LANs still 
require a large degree of ongo- 
ing maintenance particularly 
once they begin to grow in size 
above a single server or a few 
workstations 


The User Perspective 


It is increasingly important for the industry to look at net 
works not from a “hardware/software” perspective but from the 
users’ perspective. New users who have a very limited technical 
expertise but who want the benefit of the network are constantly 
entering the market. These large numbers of market-entry 
users just want the benefit of the network and are not really 
interested in the technology 

Customers only know what they want: to be able to easily 
connect with other people to share infor-mation—usually 
locally, often remotely. And, they do not want to hire a net 
work mechanic. 

The traditional approach has been that if you fit that cus 
tomer profile, you start out with a DOS-based, peer-to-peer LAN 





10 


and sacrifice capability. At some point as your needs grow, you 
go through the conversion from a low-end network to a high-end 
network and pick up the cost of maintenance for that high-end 
network and hire a network administrator. 


What Networks Should Be 


installing a network should be fast and simple. It should be 
“self-configuring,” using a series of simple questions to deter- 
mine the best settings for a particular user environment, giving 
the installer flexibility without excessive overhead. 

For a network to be easy to use, you should not have to use 
complicated commands or file names. You should be able to 
quickly access information and resources on the network. You 
should not have to know where a file is stored. That is the 
LAN’s job. You told the LAN to put something on the server, 
the LAN should remember where it put that item and be able to 
retrieve it for you when you need it. The same is true for 
shared printers. You should not have to use complicated com- 
mands to access them. The network should do that for you. 

Networks should offer an easy, simple way to expand the num- 
ber of users on the network. It should not inter-fere with the normal 
operation of the network or impact other users on the network 
when you add users. You should not have to take down the net- 
work, re-install or reconfigure to implement network upgrades. 

People should be able to demand a lot from their network; the 
network should not demand a lot from its user or administrator. 


Distributed Server Networking 


Distributed Server Networks such as that used in Hayes 
LANstep overcome the difficulties associated with Central 
Server or Peer-to-Peer networks, including the time it takes to 
manage these networks. This technology gives you the flexibili- 
ty to distribute the network workload over different machines, 
allowing the fine tuning and load balancing to fit your unique 
environment, but without sacrificing the ability to use the 
resources of the network easily, regardiess of where they are 
physically located 

The end result is that the entire LAN is linked as a single 
computing environment that gives LAN users the flexibility to 
move from distributed management to central management, or 
some combination of both. And the benefit to this arrangement is 
scalability. When you triple the size of your network everything 
doesn't get three times slower and nine times harder to manage 

Distributed networking is a much more powerful environ 
ment than the earlier approaches and at the same time it is 
possible for us to provide automated and streamlined manage 
ment capabilities that make LAN management easier 

In short, distributed Server Networks are what today’s net 
works should be. @ 


Dennis C. Hayes is president and founder of Haves Microcomputer 


Products Inc. (Norcross, GA) 
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MAXION" 
Multiprocessor 
System... 
The MAXIMUM 
Real-Time 
Solution 


Real-time computing is tough, really 
tough. Real-time situations are typically 
do or die’ “must have, “time is money” 
situations. Your information system 
must be totally reliable, rugged, and 
provide you with real-time access to 
unlimited data about real-world events. 
Concurrent is the undisputed innovator 
in Real Time. 





Concurrent astounding new MAXION 
multiprocessor system and UitraSMART™ 
Scalable Multiprocessor Architecture for 
Real-Time are maximized to overcome 
performance bottlenecks. The MAXION 
multiprocessor system incorporates the 
revolutionary “crosspoint” processor 
interconnect architecture that elimi- 
nates standard bus system limitations 
Another Concurrent innovation 


Super-fast at 150 MHz, and compact, with 
a VME-6u doubie-height European form 
factor, MAXION multiprocessor systems 


are ideal in demanding environments. 
Simulation and training, weather 
detection and airspace management, 
measurement and control, signal 
intelligence, financial trading, and 
heaithcare — areas where Concurrent 
excels. 


To learn more about the innovative 
MAXION multiprocessor system and 
UitraSMART, call Concurrent at 
1-800-631-2154 or write to Concurrent 
Computer Corporation, Dept MAx, 
2 Crescent Place, Oceanport, NJ 07757 


MAXGON and UItraSMART are trademarks of Concurrent Compute: Corporation 
© 1993 Concurrent Computer Corporation 
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OCR Alone Can't 
Address All Document 
Processing Needs 


Adding new “intelligent” technologies to 
OCR could eliminate data entry as we 
know it 


ptical 
Character 
Recognition 
(OCR) is one 
of several 
technologies 
that many 
people asso- 
ciate with document image process- 
ing. Under this universe, we define 
“imaging” as the capture, display 
and storage of images in digital 
form. 

OCR systems are one tool for 
selecting and delivering portions of 
digital images. OCR recognizes 
machine-printed text and converts 
it into ASCII files. It works optimally 
with large amounts of machine- 
printed text, such as in scanning 
technical manuals or entering legal 
cases into a litigation support 
system. 

OCR systems cannot read hand- 
print entries, or mark-sense (“check- 
box”) entries. They often fail at rec- 
ognizing degraded ma-chine print, 
as in fax copies, or poor quality 
photocopy reproductions. 
Applications where documents 
have frequent ink smudges, dirt or 
skewed images also will confuse an 
OCR system and cause errors. By 
themselves, OCR systems are inade- 
quate for forms processing. 

When an image is unclear, an 
OCR system will make its best 
determination and input the value. 
It will flag low-confidence charac- 
ters and words that do not appear 
in a lexicon, but the system has no 
way of detecting incorrect results— 
errors that are far more costly to 
correct. The higher the volumes, 
the more that OCR data integrity 
becomes an issue. 

For example, a system that can 


correctly identify nine out of 10 dig- 
its of a long distance telephone 
number field is helpful, but still 
yields a wrong number. If the tele- 
phone number was cross-referenced 
with a lookup table of area codes, 
an incorrect character in the area 
code would be detected, and the 
entire phone number made correct. 

OCR vendors readily admit that 
OCR products will make errors, but 
position OCR systems as far more 
effective than retyping. While this is 
true, many applications cannot 
tolerate the random input of erro- 
neous data. Issuing checks for the 
wrong amount, for example, is 
clearly unacceptable. 

Some newer, low-volume products 
boost data integrity by adding word 
pattern modules or morphology 
tools. Word pattern modules identify 
known patterns such as month/ 
date/ year entries, social security 
numbers, or phone numbers that 
may appear in any location on the 
page. Morphology software dissects a 
printed page to determine headlines, 
captions, wrap-around copy —and 
better enable the OCR engine to 
present text in the correct page 
reading order. 

These tools can improve results 
in reading genera! text, but are ham- 
pered by a lack of knowledge of 
exactly what these patterns are ex- 
pected to look like. They also do 
not address the relative sensibility 
of a value—something that is essen- 
tial in automating data entry 
because it is the element that a data 
entry clerk would provide. 

Another issue is OCR’s tendency 
to confuse the form image with the 
data. To compensate, many OCR 
users print forms using special 
“drop out” inks that scanners cannot 
read. These add an extra printing 








200 IPS « 8.75” 
= DMT2820 


Fastest Quad-Density GCR in a Slim Profile 


Anritsu lets you record 
data at speeds of up to 
200 ips with the new 
DMT2820 GCR Stream- 
ing Tape Drive. That 
gives you host data 
transfer rates of up to 2 
MBvs via SCSI asynchro- 
nous interface or 1.4 
MBVs via Pertec interface. 

Yet this high-perfor- 
mance tape drive is ex- 
tremely compact, just 
8.75 inches high. It will 
save you space in any 
rack configuration. 

The DMT2820 half- 
inch tape drive lets you 
choose between quad- 
density recording speeds 
of 800, 1600, 3200, or 
6250 cpi, and uses the 
NRZI, PE and GCR re- 








cording methods for 
maximum flexibility. 

A 2 MB buffer mem- 
ory provides better con- 
trol of data transfer rates 
and data block size (up 
to 64 kbytes) with auto- 
matic error recovery. The 
residual tape length is 
clearly displayed so you 





can easily keep track 
of the residual memory 
capacity. 


High-speed tape re- 
winding at 320 ips com- 


pletes a full 2400-foot 
tape in just 90 seconds 
or less. 

The DMT2820 also 


features automatic load- 





ing and threading, o set 
up menu, self -diagnostics 
and other easy operat 
ing functions. The front 
panel display shows the 
current internal settings, 
and lets you know in- 
stantly of any error con 
ditions. All maintenance 
can be performed from 
the front of the unit 

lower speed require 
ments can also be satis- 
fied with the DMAT2720, 
which records at 100 ips 

Whether you’re oper- 
ating a minicomputer or 
a mainframe, the Anritsu 
DMT2820 offers a fast 
solution to memory back- 
up that won't crowd 
your available space. 
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step and raise costs. More impor- 
tantly, they require complete control 
over the creation and provision of 
forms. Some OCR systems use 
so-called form template software 
tools that match the form image 
against a preset selection, then 
remove it. However, slight photo- 
copy reductions, the variations 
caused by multiple printing sites, or 
the changing of just one field can 
invalidate the form removal—and 
decrease processing throughput. 
Image processing enhances 
images for better viewing and print- 





ing before recognition by an OCR 
system. It can clean up fuzzy char- 
acters, smooth dot-matrix print, or 
filter dirt from a noisy background. 
Image processing also can perform 
some levels of de-skewing of 
images. 

Most applications can benefit 
from image processing to filter im- 
perfections that could introduce 
errors in recognition. Limited image 
processing functions are incorpor- 
ated into most OCR systems, and 
can be purchased separately as 
well. For example, cleaning-up the 
smudged back- 
ground on a tele- 
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phone book, and 
performing de-skew- 
ing and de-slanting 
functions all require 
image processing. 
One hardware- 
based image pro- 
cessing technique is 
the use of digital sig- 
nal processing 
(DSP) chips to accel- 
erate the process of 
enhancing images 
Dramatic advances 
in DSP chip perfor- 
mance at falling 
costs have caused 
some experts to sug- 
gest that all mother- 
boards will contain a 
DSP within the next 
several years. This 
will allow every sys- 
tem to perform 
sophisticated image 
processing without 
the need for added 
accelerator boards. 
No matter what its 
speed, however, 
image processing 
does not permit 








editing or re-layout of documents. It 
merely facilitates the more efficient 
storage, viewing and routing. In 
addition, image processing requires 
manual indexing, and does not sup- 
port full-text searches or automat- 
ed entry into a database. 


intelligent Character Recognition 


ICR is based on powerful pattern 
recognition technologies that can 
recognize hand print and other pat- 
terns with greater variability than 
OCR—including degraded machine 
print. Note that “hand print” is dif- 
ferent from handwriting; no system 
exists today to accurately and effi- 
ciently recognize unconstrained 
script handwriting. 

ICR systems are considered intel- 
ligent because they use a neural 
network that functions similarly to 
the human brain. The neural net- 
work simply recognizes patterns of 
signals—in a fashion similar to the 
neurons, synapses and dendrites of 
the human brain—and classifies 
them into pattern classes. It learns 
to segment and recognize characters 
more efficiently, with even higher 
accuracy, the more it is trained. 

The neural network will do a 
“fuzzy” match to recognize unclear 
or degraded machine print, and 
compensate for skewed images. ICR 
systems also incorporate other 
technologies to find characters, 
parse them into properly bounded 
fields and recognize words. 

ICR systems are a significant 
improvement upon OCR capabilities 
for many applications. They enable 
the recognition of faxed documents, 
for example, whose degraded char- 
acters are too variable for accurate 
recognition by OCR alone. They are 
useful in very uncontrolled applica- 
tions that have a great deal of vari- 
ability, but in a defined context. For 
example, ICR systems will accurate- 
ly read postal codes and bank 
remittance printing at the bottom of 
checks. 


Forms Processing 


Forms processing tools recog- 
nize and validate highly variable 
characters—both hand- and 
machine-print—on forms that con- 
tain many fields. The need to deliver 
meaningful data from insurance 
claims, income taxes, police 
records, and other complex forms 
to a central database have made 
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this a fast-growing market for inte- 
grators. 

Fig 1 shows the use of OCR, 
image processing, ICR, and other 
functions within a typical forms 
processing system. Forms processing 
tools work well in applications 
where an organization cannot con- 
trol the exact appearance of the 
form—or the way the user fills out 
the form. These tools are essential 
for sustained system throughput 
when application volumes are high. 

For example, the government- 
standard HCFA-1500 form mandated 
for use in processing Medicare 
claims actually exists in over 100 
different variations—each posing a 
unique recognition challenge. That 
challenge multiplies when health 
care providers put a coffee cup on 
the form, write a check mark which 
overlaps onto an adjacent field for 
the zip code, and then submit the 
form for processing. 

Forms processing systems im- 
prove productivity by drastically 
reducing the hours that an operator 
must spend in rekeying hand-print 
or unclear machine print. Because 
of the high volumes—over 1,000 
or more documents daily—often 
seen in such applications, forms 
processing systems incorporate 
added validation steps to assure 
throughput and minimize operator 
intervention. 

These steps include: 

@form identification—so users can 
process different forms at the same 
time, without the need to pre-sort 
them into batches; 

@separating the form image away 
from the data—eliminating almost 
any restriction on form layout, con- 
formance to a template, or size; 
image processing at the level of 
specific fields. Fields, which are 
made up of properly bounded char- 
acters, contain the meaning, and 
thus the value, of the information 
contained on a form. Newer forms 
processing systems view only those 
fields that the user defines as im- 
portant. Then they clean up the 
fields for maximum accuracy and 
system throughput. Special process- 
es can be applied for hand-print, 
dot matrix and degrade machine 
print recognition—all of which can 
be detected on the fly; 
@recognizing hand- or machine- 
print in designated fields; 

@parsing important embedded data 
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Fig 1 The inScript forms processing sys 
tem unites OCR, image processing, ICR 
and forms processing functions. 


at designated fields; 

verifying the validity of the field, 
not just the string of characters, 
through the use of context-based 
rules processing. This allows the 
wisdom of the human operator to 
be applied each time a field is recog- 
nized. For example, context-based 
rules will send a field to a clerk for 
verification if it suggests that a zip 
code is invalid for the state listed on 
the form; 

Blinking the data to a database else- 
where in the organization; 
Ballowing for minimal human verifi- 
cation when needed. Forms process- 
ing systems route images to an 
operator for manual verification 
when the system's confidence in the 
image falls below a preset value. That 
value can be made very high, in the 


Fig 2 While OCR excels at converting 
clean images to ASCIi text, the presence 
of any of these checklist items in an 
application will require the use of addi 
tional technologies for adequate perfor 
mance. 


case of dollar-value fields—or low, 
on fields where accuracy is impor- 
tant but less paramount. 

Instead of requiring a clerk to 
spend eight hours a day in re-keying 
data, forms processing systems do 
the bulk of the data entry—and 
require only one hour or less from 
the clerk each day. When orches- 
trated by a savvy integrator, we 
have seen forms processing systems 
deliver labor savings of up to 85%— 
and paybacks of under a year, 
based on labor savings alone 


e_—_——— = 


“ICR is based on 
powerful pattern 
recognition 
technologies that 
can recognize hand 
print and other 
patterns with 


greater variability 
than OCR.” 
———_ 


is OCR Enough For You? 


Today is an outstanding time for 
buyers of volume business automa- 
tion solutions because the choices 
multiplied several fold. Fig 2 lists 
the major considerations in deter- 
mining whether OCR is enough for 
an application's needs. The challenge 
is to be as informed as possible about 
choices, and to know the cost/bene- 
fit implications of the various incre- 
ments of technology. @ 


Randall Stern is vice president of 
engineering for Symbus Technology 
Inc. (Waltham, MA). He received a 
BS in mathematics and computer 
science from SUNY at Stony Brook, 
and an MSGG from M_LT. 
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n the last five years, many developers of real-time 
applications have turned to platforms based on 
loosely coupled multiprocessors to achieve 
throughput, response, computation power, and 
determinism. These systems need close synchroniza- 
tion of independent isolated processes and the low 
software overhead of com- 
munication through shared 


lecture: 
Next Ste 


In the architecture Concurrent chose for its multi- 
processor real-time system, there is no single central 
memory which the processors access via a bus. 
Instead, system memory is distributed with each CPU, 
physically as well as logically (See Fig 2). On each 
CPU/memory module, system DRAM memory is less 
than six inches away from the CPU. There is only one 

ASIC of logic between the 
R4400 RISC processor and 





memory. Designers of gen- 
eral purpose systems are 
not yet addressing the real- 
time requirements for syn- 
chronization and communi- 
cation among processing 
nodes in distributed envi- 
ronments. 

The architecture of the 
MAXION multiprocessor 
real-time system from 
Concurrent Computer 


ATA 
Corporation addresses the 





DRAM. Memory latencies 
between a CPU and its 
local memory are limited 
by the speed of DRAM, not 
by the access time of a 
shared bus. 

Applications can be 
written for this system so 
that almost all of a 
process’s out-of-cache 
memory accesses go to the 
CPU’s local memory, and 
the operating system has a 








growing mismatch between 
the rate at which proces- 
sors demand data and the 
rate at which memories can 
supply it. In the last decade, 
processor instruction speeds have gone up by a factor 
of more than 80. DRAM speeds are up by a factor of 
only about two. And the bandwidth of affordable 
buses has not increased sufficiently for the needs of 
multiprocessor systems in which processors compete 
for access to a central memory (Fig 1). Bigger caches 
to reduce bus traffic has been the traditional solution. 
But this doesn’t work well in real-time applications 
where frequent interrupts and context switching drive 
up the miss rates regardless of the cache size. 
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Fig 1 The bandwidth of affordable buses has not increased 
sufficiently for the needs of multiprocessor systems in which 
processors compete for access to a central memory. 


tuning feature that maxi- 
mizes local memory usage 
for applications not writ- 
ten to take advantage of 
local memory. But CPUs 
sometimes still need to access other CPU/memory 
modules’ memories, and they need to access I/O 
devices on the VMEbus. 

To provide for this, the system’s CPU/memory mod- 
ules are connected by a six-way crosspoint intercon- 
nect, implemented with ASICs, rather than a tradition- 
al bus. The crosspoint supports up to four CPU/ mem- 
ory modules and up to two VME64 I/O buses. The 
crosspoint is a true multipath crosspoint. There is not 
just one set of wires inside the ASICs connecting all 
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In Multiprocessing 


the ports like a bus. Instead there is a separate 64 bit 
wide connection between each port, so that four mem- 
ory reads can be in progress over the crosspoint 
simultaneously. The miss penalty of the system design 
equals a bus based design for remote memory access- 
es and is twice as fast for local memory accesses. The 


overall bandwidth of the cross- 


ence among all the CPUs is maintained for all the mem- 
ory. Bus based systems usually maintain cache coher- 
ence with bus snooping schemes. Every processor's 
cache keeps track of which memory locations it is 
sharing with other caches and for which ones it has 
the only correct copy of the data. It watches all the 
read/write traffic on the bus to 





point is several times greater than 
the bandwidth of a bus of the 
same width because four CPUs 
can be using it simultaneously. 

In a bus based multiproces- 
sor system, the memories and 
buses are rarely idle and con- 
tention for these resources 
increases the cache miss penal- 
ty that each CPU sees. Multiple 
processors generate enough 
traffic to cause serious con- 
tention in a bus based system, 
to the extent that adding 
processors beyond two or three 
brings rapidly diminishing 
returns. The system's cross- 
point isolates much of this traf- 
fic, providing linear scaling of 





maintain the correct status of 
this data in its cache. This takes 
away cache bandwidth that the 
CPUs could use. But in the MAX- 
ION multiprocessor real-time sys- 
tem, not all of the traffic can be 
seen by each CPU because of the 
crosspoint isolation, so a directo- 
ry based method of maintaining 
cache coherence is used. In 
directory based cache coherence 
there is, logically, a single direc- 
tory outside the CPUs’ caches 
which keeps track of which mem- 
ory locations are in each CPU 
cache and whether one cache 
has the only correct copy 
Physically the directory is imple- 
mented as DRAM in the memory 








performance with the addition 
of processors, as well as 
improved determinism. 

The requirement to support 
familiar standards meant that 
the system's distributed memory architecture couldn't 
break the global shared memory model that is 
assumed by many applications and that is familiar to 
programmers. This requires that the address space 
seen by each CPU includes all the memory on the 
other CPU modules. It also requires that cache coher- 
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Fig 2 The crosspoint memory access architecture 
allows multiple simultaneous transfers 


system for lowest cost and board 
space. The system directory 
cache coherence scheme 
reduces the coherence traffic, 
frees up cache bandwidth with- 
out adding duplicate tag stores for each cache, and 
makes the read/write traffic isolation of the crosspoint 
possible. 

Aaron Boxer is senior consulting engineer at Concurrent 
Computer Corporation (Westford, MA) 
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2,317 associates, 
852 manufacturers, 
65,151 resellers, 


14988 products, 
and someone else is still No. 1. 


Our business philosophy is based 
on putting others first. 

Precisely 65,151 at last count. 

Which is the number of resellers 
who know that when we say were 
looking out for No. 1, we're talking 
about them. 

It's a practice partly responsible 
for putting Merisel on the Forbes 500 
and Fortune 100 fast-growing compa 
nies list. And why so many customers 
and industry analysts call us the 
world’s best distributor and integrator 
of computer-based products, services 
and information. 

Heres what we're doing for you. 

Products. With 14.988 products 
available from 852 manufacturers, you 


my 


OU. 


know you'll find whatever you need 
and lots more at Merisel. Macintosh, 
DOS and UNIX. Printers and peripher- 
als. Systems and software. 

Prices. Along with competitive 
prices, at any given time we're running 
right around 80 promotional offers. So 
your cash goes right where it belongs, 
namely into building your business. 

Service. With over 260 hours a 
year of constant training, your person- 
al Merisel sales rep is specially trained 
to understand your business needs. Of 
course, once you've placed your order, 
you can get it right away from any of 
our nine U.S. warehouse locations. 

Support. We know that the micro- 
computer products business is getting 
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more complex. That's why we offer 
some of the most flexible financing 
options in the business. Tech support 
with no equal. Great educational 
opportunities. And innovative on-line 
Services. 

Products. Prices. Service. Support. 
At Merisel, we know what's important. 

But we also know that the most 
important part of our business is your 
business. To find out how important, 
call us at 1800-MERISEL. 

Even if you become our 65,152nd 
reseller, you'll always be No. 1. 
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World Class Distribution 
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YOU DEMANDED... WE DELIVERED! 


ETHERNET COMMUNICATIONS SERVER 


IntelliServer is a compact, high-speed, “plug-and-play” Ethernet 
communications server that lets you instantly connect up to 64 
PCs, workstations, dumb terminals, printers, and modems to a 
TCP/IP LAN. Start with 16 ports, then snap on 8-port and 16-port 
expansion modules whenever you need them. There's even an 
RS-422 expansion module for widely-distributed topologies 


IntelliServer installation and operation are menu-driven. Each user 
Can start up from one to eight sessions and quickly “hot-key" from 
one session to another. Every IntelliServer port is PPP capable for 
inbound/outbound communications, with full-duplex line speeds 
up to 200K bps! 


To ensure maximum throughput, IntelliServer includes a 15 MIPS 
RISC CPU, 2 MB RAM, and 512K ROM. BNC and AU! connectors 
are standard, permitting connection to Thin-Net, Thick-Net, or 
Twisted-Pair media. All popular industry-standard protocols are 
supported, including rlogin, telnet, telnetd, reverse telnet, rsh, rcp, 
ping, PPP, SNMP, SLIP/CSLIP, DNS, and ARP/RARP. 


Available in "Tower" and “SlimLine” versions, the IntelliServer is 
backed by a 5-Year Warranty, free Technical Support, INTERNET 
access, and a 24-hour BBS with free software upgrades 


Computone also offers the world's largest selection of multi-port 
adapters and long-distance multi-port cluster controllers. For free 
information, call Computone VAR Sales at 800-241-3946 x230 or 
404-475-2725 x230, Fax: 404-664-1510. 


Ask about our Competitive Trade-in Specials! 
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Synchronous Data 


Compression Emerges 


As WAN Cost-Cutter 


SDC over dial-up lines can duplicate 
switched 56 (SW56) or ISDN functionality 
for as little as one-third the cost. 


ynchronous data 
compression repre- 
sents one of the 
most significant 
advancements in 
bandwidth efficien- 
cy gains in the past 
five years. As the 
demand for high-speed switched 
and dedicated synchronous con- 
nectivity in the LAN internetworking 
and branch networking markets 
explodes, SDC technology brings 
markedly improved performance 
and significantly lower operating 
costs. 

Combining SDC with V.fast tech- 
nology, as Motorola Codex has done 
in its 326XFast-SDC modems, brings 
the economy and simplicity of the 
PSTN to users who otherwise would 
be forced to employ switched 56 
(SW56) or ISDN services at one-and- 
a-half to three times the operating 
costs (Fig 1). Because the combina- 
tion of SDC and V.fast modem techno- 
logy operates over standard dial-up 
voice lines, savings for Tariff 12 cus- 
tomers can be even more dramatic. 
Thus, SDC brings the switched versus 
dedicated operating cost crossover 
point within reach for new applica- 
tions like dial-up routing and band- 
width on demand. Such applications 
can take advantage of the “pay-as- 
you-go” tariff advantages of voice 
grade dial up lines. 

With SDC, dedicated circuit users 
can gain in several ways. For exam- 
ple, typical DDS circuits cost be- 
tween 1.3 and 2+ times more than 
the alternative analog leased-line 
circuits that users now can employ 
using SDC products. Even more sig- 
nificant savings are found with the 
short distance “feeder” circuits, 
which can account for as much as 


60% of network operating costs. 
Deployment of SDC products on 
analog lines in this portion of the 
network can cut these operating 
costs by as much as two-thirds. 
SDC technology, when employed on 
analog circuits, can provide branch 
networking access at speeds of up 
to 72 Kbps, more than sufficient for 
most of today’s feeder networking 
needs. This gives analog leased-line 
users a very attractive alternative 
to migrating their applications to 
higher speed digital services. 

Cost savings of such service 
upgrades are even more dramatic 
for users of private microwave links 
to remote or offshore sites. Instead 
of consuming 4-5 Frequency 
Division Multiplex (FDM) slices of a 
microwave link to provide 56K ser- 
vice, SDC products can simply 
replace the existing analog modems 
consuming the same microware link 
bandwidth while providing through- 
put up to 72 Kbps. This can result in 
savings in microwave equipment 
replacement, reconfiguration and 
digital equipment deployment. 

And what about digital transmis- 
sion facilities? When SDC is incor- 
porated in a 56K DSU, the band- 
width improvements and network 
savings can be staggering. For 
example, Motorola Codex’s recently 
announced 3512 SDC DSU delivers 
synchronous transmission speeds 
up to 256 Kbps over a standard 56K 
DDS leased digital circuit. The only 
way to provision this kind of band- 
width without SDC is with 
Fractional T1 (FT1) services, avail- 
able only from interexchange carri- 
ers (IXC). Monthly FT1 services can 
cost three to four times what a 56K 
DDS circuit costs and that's on the 
IXC portion only (Fig 2). Since local 
exchange carriers don't offer T1 


by David McNamara 
Motorola Codex 

















Fig 1 Switched 56 tariffs differ widely throughout the United States, making the ability 
of SDC to deliver similar data rates over the PSTN quite attractive 


services, the local access portion of 
a FT1 circuit is provisioned and tar- 
iffed as a full T1 line even though 
the delivered service is only frac- 
tional T1. FT1 installation charges 
and FT1 DSU/ CSUs aren't cheap 
either. 

Network access, per minute 
usage fees and monthly leased-line 
charges are obvious “hard” cost 
advantages of SDC. However, signif- 
icant hidden or “soft” cost savings 
also are gained through the sim- 
plicity of deployment and complete 
management facilities that come 
with equipment employing SDC. 


Synchronous Data Compression: 
What Is It And How Does It Work? 


Like asynchronous data com- 
pression, SDC must deliver the 
exact same information content 
presented at the transmitting sta- 
tion. But there are unique differ- 
ences between synchronous and 
asynchronous data compression. 
For example, in asynchronous data 
compression, the data must be 
delivered in sequence. However, 
idle times between characters can 
be omitted or added without affect- 
ing the integrity of the received 
message. With SDC, there are addi- 
tional constraints. In particular, 
frame integrity must be preserved 
That means the HDLC/SDLC frames 
must be delivered in sequence with 
all the original information and 
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without introducing any inter-char- 
acter idle time. It also is important 
that each frame be compressed and 
transmitted without introducing 
significant throughput delay, either 
in the transmitter/compressor or 
the receiver/decompressor. 

To achieve these criteria, the 
SDC compressor must recognize 
the boundaries of the HDLC/SDLC 
frame, compress only the contents 
of the frame, transmit it in sequence 
and deliver it to the receiving enti- 
ty intact with little or no added 
through-put delay. Because SDC is 
of the lossless class of compression 
and the transmission media can be 
error-prone, the transmission link 
between the compressor and 





& 
$13,860 TO $16,740 





$14,160 TO $17,160 





$15,000 TO $18,600 








$16,740 TO $21,000 


ve 


Fig 2 SDC over switched 56 can deliver 
up to 256 Kbps throughput, yielding 
Fractional T1 throughput at a staggering 
savings, since the local access portion of 
a FT1 circuit is provisioned and tariffed 
as a full T1 line. 





decompressor should be error- 
protected to prevent loss of syn- 
chronization. For this reason, the 
SDC link should be protected by an 
error-correcting protocol. 

As an example, the SDC feature 
employed in Motorola Codex’s 
326XFast-SDC modems and 3512- 
SDC DSU utilizes the CCITT V.42 
error-correcting protocol together 
with a modified version of the 
CCITT V.42bis data compression 
algorithm to provide error-free 
compressed data transmission. 
These devices further employ an 
Adaptive Packetizing Algorithm 
(APA) to fragment the large 
HDLC/SDLC frames to optimize the 
throughput on the transmission 
link while minimizing throughput 
delay (Fig 3). If the transmission 
link is experiencing errors due to 
analog line disturbances, the APA 
feature fragments the HDLC/SDLC 
frame into smaller packets to 
improve the probability of error- 
free transmission. When the line 
disturbances subside, APA increas- 
es the packet size to minimize pack- 
et overhead and thereby maximize 
throughput. This fragmentation fur- 
ther complicates the pro-cess of 
guaranteed frame integrity, but 
improves the throughput of the link 
while minimizing throughput delay. 
This insures that even under the 
harshest line conditions, the 
HDLC/SDLC frame is delivered in 
sequence error-free with maximum 
throughput and minimum through- 
put delay. To minimize further the 
throughput delay of an SDC link, the 
SDC products from Motorola Codex 
employ continuous compression 
and packetization in the transmitter 
and provide several user-selectable 
options for receiver throughput 
delay minimization. 

But what if the data is not com- 
pressible? Suppose it’s partially 
compressible? To deal with this, an 
expansion avoidance algorithm is 
employed that automatically moni- 
tors whether the data is compress- 
ible or not. If the internal compres- 
sion monitor detects that the data 
is not compressible, data compres- 
sion is turned off dynamically to 
insure that expansion does not 
occur. When the expansion avoid- 
ance algorithm detects the presence 
of compressible date, it switches the 
compressor back on to insure that 
the link is utilized at the maximum 
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With DeskTape 
software, the Optima 
DAT appears right on 

your desktop 
Just click and/or drag 
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or transfer files 
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BS Desktop DAT That's right, TWO GIGABYTES 
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Have your customers transfer large files, up to 2Gb, On a 
single °25 DAT cartridge... or recommend they use one to 
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network to free up space on all their drives 
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Give us a call today! Ask for a free DeskTape demo, the TECHNOLOG 

software that puts any certified DAT drive on your Call 714/476-0515 ext. ad 

customer's desktop now for more information. 
(or fax to 714/476-0613). 


All t names are registered trademarks of thew respective owners 
hears mn average price of 105Mb SyQuest cartridge 


Circle 42 on Reader inquiry Card 





efficiency possible. 


Unsuitable Networking Applications 
For SDC 


SDC technology provides signifi- 
cant bandwidth efficiencies on all 
compressible traffic that is HDLC- 
or SDLC-framed. Although this rep- 
resents a vast majority of the traffic 
in today’s SNA, X.25 and LAN router 
networks, it does not cover the 
older byte-oriented protocols such 


effects of the older protocols. 

Other types of synchronous traffic 
not suitable for SDC are those syn- 
chronous data streams that either 
are not compressible or do not 
have recognizable HDLC/SDLC 
frame boundaries. Examples of this 
class of synchronous data include 
encryp-ted data, time division multi- 
plexed (TDM) data, and video and 
voice traffic. 

The applications/environments 
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Fig 3 SDC frame compression uses a variety of technologies including error correction 
and fragmentation algorithms to provide error-free compressed data transmission. 


as DEC’s DDCMP or IBM's Bisync 
protocols. It’s not that these proto- 
cols are not compressible or that 
the typical data is not compress- 
ible. The issue is that these proto- 
cols are generally half-duplex 
polling protocols. Such protocols 
are more performance-sensitive to 
end-to-end transmission delay as 
opposed to absolute data link 
throughput. For this reason, these 
protocols would not benefit as 
much from the enhanced band- 
width provided by SDC due to the 
inherent delay introduced by SDC. 
In addition, these protocols are often 
deployed on multipoint networks for 
which SDC is not applicable. 

It is important to note that data 
terminal equipment (DTE) supporting 
these protocols often is connected 
to the central site via intelligent 
concentrators that perform protocol 
“spoofing” and/or protocol conver- 
sion. Intelligent nodal concentra- 
tors support many of these proto- 
cols but transport the user data on 
the network links between the 
nodes and the central site using 
HDLC/ SDLC protocols. These con- 
centrators are well-suited to SDC 
environments and eliminate the 
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outlined above are best served with 
standard, clear synchronous analog 
or digital transmission services. 


Applications Where SDC Shines 


The largest data networking 
technologies in use today are IBM's 
SNA, CCITT X.25 and proprietary 
LAN routers. These networking 
environments have a common set 
of characteristics that makes them 
well-suited to both dedicated or 
dial-up application of SDC technolo- 
gy. For example: 

BAI! utilize HDLC/SDLC framed data 
link layer protocols. 

MAI! are predominantly implement- 
ed in point-to-point networking 
topologies. 

BAI! predominantly serve text- and 
graphics-based business applications 
for which the data is generally com- 
pressible. 

AI! have a growing need for dedi- 
cated and on-demand bandwidth. 
All generally serve mission-critical 
network applications where back-up 
and disaster recovery are crucial. 

Another, albeit more mature 
data networking technology with 
these basic characteristics is statis- 
tical multiplexer networks. Prior to 


the advent of the X.25 standard and 
the development of router technol- 
ogy, statistical multiplexers provid- 
ed the most economical means of 
concentrating asynchronous and/or 
mutli-protocol traffic over a high 
speed transmission media to the 
central site. Statistical multiplexers 
are still the concentrator of choice 
for some asynchronous terminal 
access networks. The majority of 
stat mux devices that serve this 
market utilize proprietary HDLC- 
like protocols to transport the sta- 
tistically multiplexed data between 
nodes. Since the HDLC network 
channel data in this application 
environment is statistically multi- 
plexed (not time division multi- 
plexed), it is also an excellent appli- 
cations environment for SDC-based 
transmission products. 

SDC technology is ideally suited 
to serve all the networking environ- 
ments mentioned above. It brings 
economy and reliability to applica- 
tions such as the following: 

@LAN Interconnect; 

@FEP to FEP communications; 

@Batch mode file transfer; 

®Router link back-up and band 
width on demand; 

Dial-up routing; 

MSNA and X.25 link back-up; 

@Dial-up SNA; 

BEDI file transfer; 

@Disaster recovery; 


Performance Expectations And 
Influencing Factors 


So what can one expect from SDC 
in terms of performance? And exact- 
ly what savings can be gained from 
its use when compared to the alter- 
native digital services that offer 
similar throughput? 

Link performance is best expres- 
sed in terms of effective throughput 
in bits per second. Throughput on a 
SDC link is dependent on several 
factors: compressibility of the data, 
operating speed of the transmission 
“data pump,” link error rate and 
retransmission rate, configured DTE 
interface speed, configured 
HDLC/SDLC link protocol window 
size, configured HDLC/SDLC link 
protocol frame size, and higher 
layer protocol window size. 


Compressibility Of The Data 


Compressibility is dependent on 
the amount of redundancy that 
exists in the data stream. In addi- 
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tion to text-based information, a 
wide variety of data types may be 
statistically multiplexed or packet 
multiplexed on a single aggregate 
SDC link. The compressibility of 
these data types and the aggregate 
SDC link may vary widely. There are 
some data types, such as pre-com- 
pressed data or binary image data, 
that can cause expansion when 
applied to SDC, but algorithms exist 
that guard against this. 

It is important to note that the 
compressibility of the data is not 
generally affected by the HDLC/ 
SDLC frame size. That’s because 
SDC continuously updates and 
maintains the com- 
pression vocabu- 


would be a simple multiplication of 
these two factors. In fact, if the 
other link-performance parameters 
are configured properly and the link 
is operating error-free, the through- 
put should closely approach this 
figure. 

Another important parameter 
that can affect the throughput of an 
SDC link is the speed at which the 
DTE interface is configured. It is 
important to insure that the attached 
DTE or nodal/router equipment is 
configured to transmit and receive 
data at a sufficiently high rate. 
Other factors that can introduce 
throughput limitations on an SDC 





lary, so only the 
similarity in the 
information redun- 
dancy among the 
frames affects com- 
pressibility. In all 
cases, SDC per- 
forms idle suppres- 


Star Gate and 
IBM LAN Distance™ 


We deliver 


link are the protocol configuration 
parameters of the attached DTE or 
nodal/router equipment. Recognizing 
that the attached equipment is run- 
ning a protocol stack that includes, 
at minimum, a data link layer proto- 
col, there is potential throughput 
limitation if the protocol parame- 
ters are not optimized 


David McNamara is director of 
transmission product marketing for 
Motorola Codex (Mansfield, MA) 
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sion on these 
HDLC/SDLC links. 
Idle flags are not 
transmitted, so the 
presence of any 
idle time between 
frames further 
improves the com- 
pression ratios of 
the aggregate links. 


Data Pump Rate 


The “data 
pump” is the basic 
transmission ele- 
ment of any 
modem or 
DSU/CSU. The data- 
pump rate is the 
speed at which the 
base link is trans- 
mitting the com- 
pressed data. The 
data-pump trans- 
mission speed is 
applied, therefore, 
to the compression 
ratio in order to 
estimate the actual 
throughput of the 
link. If not for the 
other factors listed 
above, such as link 
error rate and 
retransmission 
rate, the link’s 
actual throughput 
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And you can come right along with us. As a local 
distributor of Upsonic’s new A-Series line of uninter- 
ruptible power systems (UPS), you can take advantage 
of a tremendous profit potential. And become an 


Watch your UPS expert on our broad line 


of A-Series products 
profits soar in “94. (System, I an and Station models), which bring 
continuous quality power to today’s PCs, networks and minis 
When you join the Upsonic distributor team, you can buy our UPS products 
at a significantly lower price than you now pay for comparable products. All of 
which adds up to greater profits for you. If you want to join us as we move up in 


the UPS market, call Upsonic today 
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Ferroresonant 
UPSs Face 
PFC Problems 


by Aaron L. Davis 
American Power Conversion 


ecent improvements in the design of 
computer power supplies meant to end 
harmonic-induced problems have in turn 
created a serious incompatibility with 
erroresonnant-based power protection. 
The unexpected problem recently came to light when 
two major international computer suppliers experi- 
enced problems using Ferroresonant UPSs with new 
Power-Factor Corrected (PFC) power supplies. 


How A Ferro UPS Works 


In the standby-ferro type of UPS system, the backup 
power is supplied from an inverter which remains in a 
standby (off) state until the input AC power fails. When 
input power is adequate, the power is sent through 
an electronic transfer switch and then to the load via 
a ferroresonant regulating transformer. This transformer 
also has a second input, which is driven by the back- 
up power inverter when the input AC line fails. 

In operation, the inverter is normally off and the 
input power passes through the transfer switch and 
transformer to the load. When the input power fails, 
a detector circuit recognizes this event and starts the 
backup inverter and opens the transfer switch. The 
load still receives backup power from the trans- 
former; however, the source feeding the transformer 
has been transferred from the AC utility power input 
to the backup inverter. Therefore, the principle of 
operation of a standby-ferro type of UPS is identical 
to the principle of a standby type UPS except for the 
use of the ferroresonant transformer. 

The ferro transformer can regulate the UPS output 
voltage for small, slow variations in the AC line voltage 
when the UPS is in the standby (normal) mode. 
These variations are passed to the load by most 
standby type UPS. This is an advantage for use with 
certain computers using linear type power supplies 
as it reduces the thermal stresses on the power sup- 
ply components. However, since the mid-1960s all 
computers and peripherals use switching type power 
supplies, which are designed for and totally unaffected 
by these small, slow variations. 
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Thus the original design 
advantage of the ferroreso- 
nant UPS has been made 
obsolete by, and even in- 
compatible with, the advent 
of modern power supplies 
in newer computers 


What's The Problem? 


Virtually all modern 
computers incorporate a 
Switched-Mode Power 
Supply (SMPS) for convert 
ing AC power to the DC voltages required by the 
computer circuits. After about 25 years without a 
change, the SMPS is currently undergoing a major 
design update. This is the inclusion of power factor 
correction into the basic SMPS design 

The conventional SMPS exhibits an extremely non- 
linear load characteristic (low power factor) which 
causes the computer to draw harmonic currents from 
the AC power line. In buildings with large quantities 
of computers installed, these harmonic currents have 
been rightly blamed for causing fire hazards by over- 
loading transformers and overheating service wiring 

In the European Economic Community, upcoming 
regulations will effectively ban the conventional SMPS 
by placing strict limits on harmonic current drawn by 
computer equipment. User requests and the EEC reg- 
ulations are forcing computer manufacturers to re- 
design the SMPS to reduce harmonic currents 

For computers with power requirements above 
about 300 VA, vendors are incorporating high fre- 
quency switching circuits into the SMPS which shape 
the input current to reduce harmonics. This approach 
is called “active” PFC. 

Most computer vendors already offer one or more 
products that incorporate active PFC, and virtually 
all new designs under development above 300 VA 
have active PFC. This includes file and application 
servers, disk arrays, and minicomputers 


Why The incompatibility? 


In active PFC supplies the magnitude of the AC 
input current is controlled by a slow voltage control 
feedback loop inside the power supply. The charac- 
teristic crossover point of this feedback loop is in the 
region from 4Hz to 30Hz and the crossover is accom- 
plished with less than 90 degrees of phase margin 
The result is that the overall system exhibits com- 
plex poles with a damped resonance in the 4Hz to 
30Hz region. The fact that the power supply is attempt- 
ing to supply a fixed DC load causes the system to 
exhibit a transfer function zero in the right half of the 
complex plane. 

Under normal conditions with a low impedance 
source such as the utility line, the damped resonance 
of the PFC supply remains controlled. However, when 
the source does not have low impedance, loading on 


29 





NETWORK TECHNOLOGIES 


the PFC supply will cause the location of the complex 
poles to move. 

With a resistive AC source, the complex poles in 
the PFC supply move in a direction that changes their 
frequency, but does not significantly affect their 
damping or stability. With a more complex source 
such as a ferro-transformer, the poles move in a 
direction that ultimately leads to instability. 








“The fact that different PFC 
supplies become unstable 
under different conditions is 
due to the variations of the 
damping factor of the complex 
poles in the PFC supply. This 
damping factor is determined by 
the phase margin of the voltage 
feedback loop.” 

A 








The fact that different PFC supplies become unsta- 
ble under different conditions is due to the variations 
of the damping factor of the complex poles in the PFC 
supply. This damping factor is determined by the 
phase margin of the voltage feedback loop. 

A US federal standard, FIPS PUB 94, entitled 
“Guideline on Electrical Power for Automatic Data 
Processing Installations” contains a section on the 
ferro approach to power protection. Some makers of 
ferro based UPS products selectively quote this stan- 
dard, failing to mention a number of important sec- 
tions in which the standard addresses the problems 
with the ferro design, most notably the potential sys- 
tem instabilities which may result from the unusual 
output impedance of the ferro: 

“If a ferroresonant line voltage regulator were to 
be placed ahead of another similar unit within an 
Automated Data Processing product, the combination 
of the external and internal regulators could become 
unstable and oscillate.” 

This standard is available from the National 
Technical Information Service of the United States 
Department of Commerce. 

Tests were conducted at the request of two major 
computer manufacturers to determine the extent of 
the incompatibility. These tests included two standby- 
ferro type UPSs rated at 500 VA and 5300 VA. The 
PFC computer power supplies loads were made by 
IBM, Compaq, and Qualidyne. Variable DC loads were 


attached to the 5V output of the power supplies. The 
DC loads were varied from zero to the rated power. 

During the tests, the UPS was supplied with 120VAC 
power, that is, the input AC line was present. The in- 
verter circuits in the UPS were not active and the UPS 
acted as a simple Ferroresonant transformer. This is 
the normal operating condition that a user would 
experience when there is no power failure. 

The first tests were done with PFC power supply 
#1. On the 500VA UPS, the output became unstable 
when the load drawn by the power supply was ad- 
justed above 90 VA. On the 5300 VA UPS, the output 
remained stable; however, the power supply was 
only operated up to its limit of 350 VA which is a 
small fraction of the capacity of the UPS. With power 
supply #2 on the 500 VA UPS, instability was found 
when the load exceeded 25 VA. On the 5300 VA UPS, 
the output became unstable when the power supply 
was operated above 450 VA. When the power supply 
was loaded to 600 VA on the 5300 VA UPS, the voltage 
and current waveforms were recorded. In this case 
the voltage at the output of the UPS went far above 
the normal operating range of the UPS and exceeded 
150V RMS during the oscillatory peaks. 

Power supply #3 was operated to its capacity limit 
of about 400 VA without incident on both the 500 VA 
and the 5300 VA standby-ferro UPS. 

In order to determine if the instability was related 
only to this brand of UPS, a 1000 VA model of a sec- 
ond brand of Ferro UPS was tested and the instability 
was also found. 

The experiments demonstrated that recently de- 
signed Power Factor Corrected (PFC) computer power 
supplies can become unstable when used in conjunc- 
tion with ferroresonant equipment. This shows up as 
an uncontrolled oscillation of the AC voltage supply 
to the computer. The PFC supply and the standby- 
ferro UPS become unstable under some typical oper- 
ating conditions. 


In addition: 


@The stability of the system is reduced when the DC 
load on the PFC supply is increased. However, the 
instability did not require that the UPS be in the 
inverter mode, only that the UPS be operating as a 
Ferroresonant regulating transformer. 


@Different PFC supplies reach instability at different 
loading points when fed from the same Ferroresonant 
source. 


@Oversizing the UPS for the load will help to reduce 
the chance of instability. However, in some cases the 
UPS may need be oversized by a factor of 10 with 
respect to the load. Therefore, oversizing to achieve 
stability is not a cost effective option. 


@Ferro-equipment can become unstable when loaded 
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with certain modern PFC computer power supplies. 
This instability can cause the computer to shut down 
or be subjected to wild AC voltage swings outside of 
the safe operating range of the computer. Obviously, 
any power protection equipment which causes 
unsafe operation must be considered incompatible 
with a PFC-equipped computer. These lab experi- 
ments do not show that all Ferro-based power condi- 
tioning will be unstable with PFC supplies, or that 
this is the only type of equipment which may exhibit 
incompatibility. However, user complaints and lab 
experiments have shown that ferro-equipment is 
much more likely to cause an instability. 


Can Ferros Be Fixed? 


While currently small, the 
number of PFC-equipped com- 
puters is expected to grow very 
rapidly as new legislation take 
effect and computer manufactur- 
ers release new models incorpo- 
rating PFC power supplies. Since 
there is a large installed base of 
PFC incompatible power protec- 
tion equipment, the number of 
incidents of PFC instability and 
resulting down-time will also 
grow dramatically. 

Users may rightly ask 
whether the problem can be 
eliminated, and further experi- 
mentation has determined that 
adding a resistive load to the 
standby-ferro UPS may partially 
answer the problem. 
Unfortunately, this approach 
has its own drawbacks. The cus- 
tomer now gets reduced UPS VA 
capacity while still paying the 
same price, and since non-stan- 
dard modifications have been 
made, reliability may be affect- 
ed. Moreover, performing such a 
fix for an extended installed 
base of customers would appear 
to be a daunting task. 

According to Reliability 
Ratings, one standby-ferro UPS 
manufacturer has claimed to 
have made design modifications 
to its products, without disclos- 
ing what those changes have 
been. 

For the time being, the best 
course of action for users and 
system integrators may be, as 
Reliability Ratings recommends 


Why risk it? 





for those considering a standby-ferro UPS, to “get 
written compatibility guarantees from [the] ven- 
dor...” 


Aaron Davis is director of corporate communications 
for American Power Conversion (West Kingston, RI) 
He holds a B.A. from the Johns Hopkins University and 
a MS. from the Columbia University Graduate School 
of Journalism 


For more information circle 205. 


Just think of it this way... 
No Power, No Network, 
No Work, Period. 


Depend on Deltec’s PowerRite Pro Uninterruptible Power Systems for 
unmatched LAN protection. From file servers to workstations to nodes 
— the PowerRite Pro with Deltec’s patent pending Advanced Battery 


Management (ABM™) will protect your valuable 
network for up to 10 YEARS! And, starting 
at just $449, you can’t risk the chance of a 
downed network due to faulty power. But the 
features don’t stop there — just take a look 
and compare: 


Feature Comparison 


Call our networking experts today at 
1-800-DELTEC-1 for more information 
on our award-winning PowerRite Pro. 
Ask about 
our VAR 
Program! 
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A Layered 
Defense Plugs 
The Virus 


Security Gap 


by Susan Richardson 
and Ronald Sullivan 
Reflex Inc. 


n the weeks prior to March 6, 1992, computer 
users worldwide had one thing on their mind. 
How severely would the Michelangelo virus 
strike? Estimates that millions of computers were 


infected screamed out 
from all forms of media. 
The climax came not 
with a bang, but with a 
whimper. A mere 15,000 
computers were affected 
worldwide. Nevertheless, 
Michelangelo brought the 
virus problem to the fore- 
front, and in its wake came 
a barrage of virus technol- 
ogy focused on virus 
detection—scanning—as 
the primary anti-virus 
method. Currently there 
are several scanners on 
the market which claim 
“complete” virus protec- 
tion. However, how safe is 
an organization which 
relies on scanning alone to 


combat the virus problem? 

Two captains at the Air Force Institute of Technology 
addressed this question in a recent report, How Effec- 
tive are Anti-Viral Toolkits in Preventing Computer 
Virus Attacks? (December 1993). The report conclud- 
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ed that detection-focused scanning software falls well 








— 
“Most industry experts agree 
that there are currently over 


2,000 PC viruses, and research 


suggests that there are between 


75 and 100 new viruses 


introduced each month.” 








suffered some kind of di 


short of providing effective virus protection. 

Their conclusion was that only a preventative “quar- 
antine approach,” which employs a combination of 
anti-virus software and enforcement software to prevent 


infection, will provide com- 
plete anti-virus protection. 
In other words, the only 
effective anti-virus approach 
is to keep the virus off the 
PC to begin with. 

Most industry experts 
agree that there are current- 
ly over 2,000 PC viruses, 
and research suggests that 
there are between 75 and 
100 new viruses introduced 
each month. As the virus 
population increases, so 
does the probability that 
your system will become 
infected. 

Price Waterhouse 
research (Annual IT Review, 
1992) showed that 65% of 
computer installations have 


rect or consequential financial 
loss as a result of a virus prompted system failure. In 
addition, 7% reported that these system failures were 
major or crippling in scope. The virus problem is com- 
mon enough that organizations which do not take effec- 
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tive preventative measures should expect to eventually 
experience financial loss from infections. 


Anti-Virus Weapons 


Anti-virus tool kits typically rely on two primary tech- 
nologies: digital scanning, behavior blocking, or any 
combination thereof. 

Scanning, or static analysis, is a process of examining 
storage media, or files, to determine whether or not a 
known virus is present. Although most scanning soft- 
ware companies claim their scanners are 95% effective, 
the Air Force Institute of Technology research shows 





may be disabled by some anti-virus software, or the 
virus itself. 


The Layered Defense 


Studies have shown that approximately 90% of virus 
attacks are transferred via floppy disks. Therefore, 
effective anti-virus technology should include an 
approach which will quarantine the floppy disks within 
the organizations environment. The key aspect to avoid- 
ing financial loss from virus infection is preventing the 
PC from getting infected in the first place 

Effective anti-virus technology should include a lay- 
ered approach as fol- 
lows: scanning software 





“The virus problem is common enough that 


organizations which do not take effective 


preventative measures 
should expect to eventually experience 


financial loss from infections.” 


for detection & identifi- 
cation; virus prevention 
software so that once a 
floppy disk is found to 
be virus free, a “security 
shield” can be placed on 
the diskette to insure it 
remains virus free; 
behavior blocking soft- 
ware to stop the spread 
of new viruses that a 
scanner may not recog- 
nize; and user interven- 
tion software to prevent 
a user from circumvent- 








that the effectiveness may be as low as 50%, due to the 
inability of static analysis to account for all viruses. 

Scanners are a critical component in the fight against 
viruses, but scanning as the only line of anti-virus de- 
fense has several inherent limitations: they must be con- 
tinually updated, as new viruses are continually intro- 
duced into the computer environment; they don’t catch 
everything—some “stealth” viruses are designed to hide 
from scanning software; and they neither stop the 
spread of viruses nor identify the source of the virus. 

At best, scanning only solves one of the problems 
related to computer viruses: detection. Once a virus has 
been discovered, the organization must find the source 
of the virus to prevent re-infection. In addition, the virus 
must be removed before it can do significant damage, 
which entails certain costs. 

Network Loadable Module (NLM) Based Scanners 
work in similar fashion to their PC-based counterparts, 
except they reside on the fileserver, thereby centraliz- 
ing the anti-virus activities. NLMs have the same 
short-comings as the PC based scanners, plus they may 
hinder network performance and can easily by circum- 
vented by viruses or users. 

Behavior blocking refers to the use of activity moni- 
toring to detect virus-like activity. Behavior blockers 
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ing the protection (e.g 
by booting from a floppy 
disk, removing the anti-virus software from the system, 
etc.). These four types of software combine to provide 
an anti-virus security solution that stops the spread of 
computer viruses while simultaneously providing pro- 
tection against infection 

The design of one product, Disknet, illustrates this 
layered approach to virus security. It is a memory resi- 
dent utility which acts as a shield against virus infec- 
tion. Once a disk has been certified as virus free, 
Disknet “signatures” the disk to be used within the envi- 
ronment. If the disk leaves the environment and is writ- 
ten to, it must be re-certified as virus free before enter- 
ing the environment again. In addition, Disknet includes 
a utilities package with both behavior blocker and user 
intervention software 


Susan Richardson is chief marketing officer at Reflex 
Inc., (Brier, WA). Ronald Sullivan is the chief financial 


officer 
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Separating Fact From 
Fiction In SMS (Storage 
Management Services) 


SMS is a set of specifications designed to 
solve the problems of managing data in 
heterogeneous environments. 


here has been a 
swirl of contro- 
versy surround- 
ing the Storage 
Management 
Services (SMS) 
specification in 
recent months. 
Users are receiving news, both 
good and bad, concerning this 
evolving standard for backing up 
and storing data. Amid the contro- 
versy, a number of fallacies have 
begun to circulate regarding the 
specification and its implementa- 
tion in backup and storage manage- 
ment software packages. 


Why SMS? 


SMS is an industry standard 
strategy for simplifying and 
strengthening backup, archiving 
and storage management support 
for current and future NetWare ver- 
sions. It also provides developers 
with a standard Application 
Programming Interface (API) set for 
accessing data on a variety of com- 
puting platforms. This standard 
interface simplifies support for het- 
erogeneous environments by pro- 
viding a consistent view of hetero- 
geneous file systems and non-file 
system based resources such as 
NetWare Directory Services, SQL 
databases, the NetWare Bindery and 
other services. 

It is important to note that Storage 
Management Services itself is not a 
product. Instead, SMS provides an 
architecture or framework for the 
development of storage manage- 
ment engines that facilitate data 
management and protection of het- 
erogeneous environments. 


As an open standard, SMS pub- 
lishes a set of API modules designed 
to provide safe, reliable backup and 
storage management application 
development in a NetWare environ- 
ment. These APIs are available to 
any interested software developer. 
When using SMS APIs to develop 
backup and storage management 
software, a developer can: 

@Write software to one platform 
(SMS); 

@Let SMS handle all operating and 
file system protocols; and 
@Provide safe, efficient access to 
virtually any operating system 
client. 

This industry-standard API set 
for NetWare provides clean and 
easy backup and restores for non- 
NetWare file systems, bypassing 
NOS-specific protocols, file formats 
and tape formats. 

Without SMS, NetWare backup 
software must be written to each 
native file format supported under 
NetWare. To support attached 
client workstations or servers, the 
software must be written to adhere 
to each client’s communications 
protocol and file system. As a con- 
sequence, backup software that is 
not SMS-compliant must manage a 
bewildering array of file formats, file 
systems, operating systems and 
protocols to insure that the backups 
and restores are handled safely. 

Full SMS compliance also calls 
for full support for the SIDF (System 
In-dependent Data Format) tape for- 
mat. SIDF is an open, non-propri- 
etary tape and media format, allow- 
ing media interchange. 

What are the SMS specifications? 
It consists of two main specifications. 
SIDF specifies a method for “packag- 
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ing” data independent of the host 
OS, as well as a standard open tape 
format. The Target Service APIs, 
along with the standard TSAs 


Network Storage 


only module in SMS that processes 
the target’s data. A target is any 
object on the network that requires 
backup, including: NetWare servers, 
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FULLY COMPLIANT SMS BACKUP/STORAGE MANAGEMENT SOFTWARE 

1. COMPLIANT SOFTWARE WRITES TO SME SPECIFICATIONS AND APIs ONLY 

2. TSAs HANDLE ALL FILE SYSTEMS AND PROTOCOLS 

3. SIDF OPEN STANDARD ALLOWS DATA PORTABILITY TO ALL MEDIA AND 
ALL PLATFORMS 








Fig Three layers make up the Storage Management Services protocol. 


(Target Service Agents), give stor- 
age management software one con- 
sistent interface to all network 
nodes and file systems. Together, 
they offer a workable solution to 
the problems associated with pro- 
prietary, vendor-dependent LAN 
storage management systems. At 
present, SMS is the only way to reli- 
ably back up and restore NetWare 
4.01 and NDS (NetWare Directory 
Service). 


SMS Architecture 


The Storage Management 
Services architecture consists of 
three primary components (See Fig): 
@Storage Management Engine 
(SME). The heart of the SMS archi- 
tecture is the Storage Management 
Engine. The SME communicates 
with network clients through a com- 
mon interface that ensures broad 
platform support and the ability to 
support new platforms and ver- 
sions without requiring a change to 
the SME. The most common imple- 
mentation of the SME is a 
backup/restore application. The 
SME contains most of the value 
added features and is the compo- 
nent most often provided by third- 
party developers. Novell has pro- 
vided a basic SME with NetWare 
called SBACKUP. 

@Target Service Agent (TSA). The 
Target Service Agent is a software 
module that isolates the target 
operating system's data from the 
functionality of the SME and is the 
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SQL database engines, print 
servers, NetWare Directory Service 
databases, DOS, OS/2, UNIX and 
Macintosh workstations, etc. All 
other modules treat the target's 


TSAs for NetWare 3.1x servers, 
NetWare 4.0x servers, NetWare 
Directory Services (NDS), DOS, 
Windows and OS/2 clients. Target 
Service Agents for NetWare 2.x, and 
Macintosh and UNIX clients are 
expected to follow shortly. 
@System Independent Data Format 
(SIDF). SIDF is an open standard for 
the format of data on storage 
media. In addition, the SMS TSAs 
generate data streams in the SIDF 
format within the Storage 
Management Services architecture. 
The SIDF specification also defines 
a standard format for storing data 
on secondary storage devices such 
as tape. SIDF is an extensible format 
that ensures compatibility between 
future and current SIDF based prod- 
ucts and stored (i.e., archived) SIDF 
data. Novell has formed an SIDF 
committee to work with industry 
standards organizations such as 
American National Standards 
Institute (ANSI), European 
Computer Manufacturers 
Association (ECMA) and International 
Standards Organization (ISO) to 
adopt SIDF as an 








“SMS is an industry 
standard strategy for 


simplifying and strengthening 


backup, archiving and 
storage management 
support for current and 
future NetWare versions.” 


industry standard 
format. 

In summary, 
the SMS specifica- 
tions and APIs 
offer a develop- 
ment strategy 
that encourages 
software develop- 
ers, committed to 
fostering industry 
standards, a 
means to provide 
enterprise data 
management solu- 
tions that are 
safe, reliable and 
quickly adaptable 
to changing envi- 
ronments. When 
new operating 
systems are 








data as black boxes . The TSA’s job 
is to prepare the target services’ 
data for backup/ restoration and 
communicating with the SME. This 
means that the backup/restore 
product can support new releases 
of an operating system as long as 
there is a TSA that understands the 
data. With the introduction of 
NetWare 4.0, Novell has supplied 


implemented, 
SMS compliant 
vendors will be the quickest to 
respond with software support. As 
networks grow to include clients 
with a number of network and work- 
station file systems, only SMS com- 
pliant vendors can provide storage 
solutions which are reliable and 
proven. In short, full SMS compli- 
ance is a must for providing data 
protection and management to mis- 


COMPUTER TECHNOLOGY REVIEW 





oot ee £Ol ds ee oT 


rt Al D 


ENCLOSURES 


All drive form factors available 


Over 125 models of enclosures to choose from 


Corporate Headquarters 
Northern California Office 
East Coast Office 
European Headquarters 
United Kingdom Office 


JMR Electronics has been manu- 
facturing quality turnkey peripheral 
enclosures for more than a decade. 
We are recognized as a world class 
leader in the peripheral enclosure 
industry. 


Whether your requirement is for 
5A" full-height, half-height, 3/2" (or 
smaller), removables, CD-ROMs, 
rackmounts, or RAID towers... 

JMR has the solution. 


All enclosures are manufactured 
in the U.S.A. to the highest stan- 
dards. JMR’s complete engineering 
department, sheet metal, paint 


shop, mold making, plastic injection 
molding, cable, and assembly capa 
bility make us the fastest and most 
vertically integrated enclosure man 
ufacturer in the industry. 

Whether your need is for one of 
our standard enclosures or for one 
that is completely customized, JMR 
has the capability of producing 
product expeditiously, and to the 
highest standards in the entire 
industry. 

Call us today and see for yourself 
why we have sold more than a mil 
lion enclosures. 





JMR 
Electronics 


INC. 


20400 Plummer Street « Chatsworth, CA 91311 * (818) 993-4801 
30 Railroad Avenue ¢ Suite 2 « Point Richmond, CA 94801 « (510) 215-1800 
| Harbour Place « Suite 105 * North Myrtle Beach, SC 29582 « (803) 280-0405 
9 Avenue Coghen ¢ 1180 Brussels, Belgium * 322-344-9542 
Unit 9, Chiltern Enterprise Centre « Station Road, Theale * Berks, RG7 4AA * (0734) 304985 


Circle 39 on Reader Inquiry Card 





Fax (818) 993-9173 
Fax (510) 215-1820 
Fax (803) 280-3082 
Fax 322-344-5438 
Fax (0734) 304546 


sion crit-ical data; anything less is a 
gamble. 

Why is there so much controver- 
sy? To support SMS, a vendor pro- 
viding backup solutions must make 
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products that can use TSAs, 
although many of them still make 
direct calls to the file systems, 
bypassing the standard when con- 
venient. Proprietary agents do not 
interoperate with 
SMS applications. 








“To support SMS, 
a vendor providing backup 


solutions must make a 
fundamental commitment 


to supporting open 


standards.” 


Level Two com- 
pliance requires 
that the vendor's 
software not only 
use TSAs to access 
clients, but store 
their data in the 
SIDF standard for- 
mat. Most “SMS- 
based” products on 
the market today 
can use TSAs to 
access data, but 
lock the data into 
their proprietary 
tape formats. To be 
fair, most have 
committed to sup- 
port SIDF at some 








a fundamental commitment to sup- 
porting open standards. All soft- 
ware calls that access a file system 
directly need to be replaced by 
standard SMS calls. The vendor's 
historically convenient proprietary 
tape format must be replaced with 
the standard, extendible SIDF for- 
mat. As in other parts of the data 
processing industry, conversion 
from proprietary solutions to open 
standards is inconvenient to the 
vendor, but provides huge benefits 
to the user. 

When an industry goes through 
the fundamental change from pro- 
prietary to open solutions, there is 
always a lot of confusion. Any vendor 
not fully committed to the change 
will implement “semi-standard” 
solutions as an interim step, and 
use any of a number of excuses to 
explain why a fully compliant solu- 
tion is not available. SMS is at this 
threshold today. The standard is 
complete, the tools are in place, but 
few vendors have yet delivered, cre- 
ating a fair amount of confusion in 
the market. 

Fallacy #1: Lots of vendors are 
fully supporting SMS. 

Fact: Novell has defined two lev- 
els of SMS compliance. Level One 
describes products that can use 
standard TSAs to access network 
clients. Several vendors have shipped 
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point in the future, 
but only as an 
import/export format—continuing 
to lock normal backups into the pro- 
prietary format. 
Fallacy #2: SIDF is a moving target. 
Fact: SIDF is a well-defined, exten- 
sible tape format. 
As new file systems 


a server to a DLT tape drive, for 
example, some developers are seeing 
sustained throughput in excess of 
100 Mbytes/min. This is on real data 
(not sparse files) without using Net- 
Ware 4.0’s data compression. As the 
industry moves to NetWare 4.x, the 
on-disk compression will make 
backups even faster, as SMS-based 
applications can transfer data to 
tape without decompressing. In these 
environments, non-SMS applications 
will actually be much slower. 

In order to achieve these high 
speeds, backup vendors may have to 
endure the inconvenience of chang- 
ing some of their file access methods. 
The performance is there for those 
willing to make the investment. 

Fallacy #4: SMS won't catch on 
because it requires backup vendors 
to change. 

Fact: Backup as an industry has 
been among the slowest to adopt 
standards, but the same forces that 
have moved other industries to 
standards-based platforms are at 
work here. Changing to an open 
system is never easy or convenient, 
but it is happening. With swift adop- 
tion of the SIDF standard, even 
reluctant developers may be forced 
to implement at least partial SIDF 








evolve, the format 
will be extended, 
but not without 
backward compati- 
bility. Novell is 
supporting SIDF 
with SBackup, and 
Palindrome, 
Mountain (Filesafe) 
and Total Network 
Recall are support- 
ing it as well. Data 
interchange on tape 
is now a reality 
among those ven- 
dors that support 
the standard. As 
the standard is 
refined and fully 


“Fact: SMS has been 
evolving for two years, 
led by Novell with 
significant involvement 
from a number of 
backup vendors.” 








implemented, pro- 
prietary tape for- 
mats will gradually fall out of favor 
among software developers—and 
certainly among end users, who'll 
demand data portability assured, 
long-term data accessibility. 
Fallacy #3: SMS is a good idea, 
but it’s just too slow. 
Fact: When using SMS to backup 


capabilities into their products. 

Fallacy #5: There's no way to 
back up NDS (NetWare Directory 
Services) today. 

Fact: A few vendors are already 
shipping products which fully protect 
NDS attributes under NetWare 4.x... 
and the only way they could reli- 
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ably deliver this backup for NDS 
was through SMS. By using the SMS- 
supplied APIs for reaching NDS 
attributes, those vendors comply- 
ing with the SMS specification have 
delivered products which provide 
full protection of NetWare 4.x. 
Bindery emulation is not a workable 
solution for backing up NDS. 

Fallacy #6: SMS isn’t “ready for 
prime time.” 

Fact: SMS has been evolving for 
two years, led by Novell with signifi- 
cant involvement from a number of 
backup vendors. The APIs provide a 
standard, stable and high- 
performance platform. TSAs 
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formats lock customers into ven- 
dor-specific software solution; and 
support for new releases is depen- 
dent on vendor-supplied updates 
Storage Management Services’ 
goals are to provide software and 
hardware independence, improve 
the quality of storage management 
solutions available to Novell cus- 
tomers and enable the development 
of storage management applications 
independent of NetWare version 
releases. Having the network itself 
provide transparent access to data 
ensures a compatible upgrade path 


standard storage of data, and the 
necessity for a vendor-supplied 
update when the target operating 
system changes 

Does your product read and write 
SIDF standard tapes? At the very 
least, import and export capabilities 
are required for any hope of data 
interchange 

Does your product use SIDF as its 
native format? If the answer is “no,” 
then you're locking your backups 
into a proprietary trap. The only 
software that will ever be able to 
restore that data is from your cur- 
rent vendor. Should you 
change brands, or should 








available today back up 
NetWare 3.x (including all 
name spaces), NetWare 4.01 
with NDS, DOS, OS/2 and 
Windows workstations. In 
the next few months, TSAs 
for Macintosh, UNIX NFS and 
NetWare 2.x will be available. 
Efforts are underway to pro- 
vide TSAs for other operat- 
ing systems and all popular 
database engines. By the 
middle of next year, SMS will 
be the only workable 
approach to managing stor- 
age on complex LANs. 
Fallacy #7: SMS is just a 
NetWare-centric specifica- 


“Does your product use 
SIDF as its native format? 


if the answer is “no,” 


then you’re locking 


your backups into a 


proprietary trap.” 


they go out of business, 
your retrieval options are 
severely limited 

Can I do a complete, 
SMS based backup and 
restore of a NetWare 4.01 
server, including directory 
services? If not, the SMS 
application is not com- 
plete 

The LAN backup indus- 
try has remained an island 
of proprietary formats and 
protocols. Users have had 
to wait for each vendor to 
supply proprietary agents 
to each new client on the 
LAN. Backup sessions have 








tion. 

Fact: SMS and SIDF are 
specifications originally developed 
by Novell to solve the growing 
problems of protecting data in a 
heterogeneous computing environ- 
ment. SIDF is now a multi-vendor 
standard. The SMS APIs are 
portable to other environments. 
The SMS specification is portable, 
the first implementation is on 
NetWare. 

Advantages of fully compliant 
SMS software are assured compati- 
bility with NetWare; easy, clean 
migration to heterogeneous envi- 
ronments and additional OS sup- 
port; data interchange with SIDF, 
abandoning proprietary media for- 
mats; and immediate, certified sup- 
port for new versions of NetWare 
and new file systems under 
NetWare 

Disadvantages of SMS ‘aware’ or 
‘compatible’ software are compati- 
bility with NetWare not guaranteed; 
heterogeneous and additional OS 
support depends on proprietary 
implementation; proprietary media 
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as new versions of the network 
operating system are introduced 


The Benefits 


SMS is here today. Its benefits— 
standardized access to clients in 
heterogeneous environments, faster 
support for new releases of NetWare 
and other operating systems, data 
interchange and long-term access 
to data based on an open tape for- 
mat—are available to any vendor 
willing to make the commitment 
necessary to provide full support 

If you want to get all the benefits 
of a fully SMS Level Two compliant 
system, ask your vendor these 
questions: 

Can your product use TSAs to 
access servers and clients? Does it 
use them exclusively, or does it go 
around the SMS interface with direct 
file system calls? A completely stan- 
dards-based solution will use TSAs, 
and will adhere to the SMS APIs. 
Direct access to the file or security 
system raises the possibility of non- 


been locked into non-stan- 
dard formats, limiting 
user's choices of future backup and 
storage management applications 
Two years ago, SMS and SIDF were 
launched to provide a way out of 
these proprietary, incompatible 
systems. Today, the standard is 
complete and standards-based 
backup systems are here. If reliable 
backup of heterogeneous LANs, 
quick support for new OS releases, 
data interchange and long-term 
accessibility of data are important 
to you, SMS Level Two compliant 
backup systems are the only 
answer 


Michael Kidd is the vice president of 
marketing for Palindrome Corp 
(Naperville, IL). He received a B.S. in 
Computer Science from the 

University of Wisconsin 
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Speed To CD-ROMs 
angers 


And Minich 


by Richard Millett 
Pioneer Technologies 


ompact discs offer enormous storage 
capacity and the lowest cost-per-byte of 
any rotating storage media. Originally 
designed for audio data, CDs are not 
renowned for the speed at which data can be retrieved. 
While there are a number of possible solutions to this 
performance dilemma, the most straight-forward 
approach, engineered by Pioneer, is to spin the disc at 
four times the normal 
speed, up to 2100 rpm. 
On the surface, this 
seems a simple solution, 
but there were several 
engineering obstacles to 
overcome in making it a 
reality. The optical head 
needed to be completely 
redesigned with a higher 
frequency re-sponse to 
handle the increase in jit- 
ter and axial and radial 
runout. In addition, cus- 
tom VLSI error detection 
and correction circuitry 
were used to ensure unin- 
terrupted data at the 4X 
sustained transfer rate. 
The CD-ROM 
minichanger system can 
offer disc speeds of four 
times the standard, resulting in drives with data trans- 
fer rates competitive with all but the fastest magnetic 
media. For most CD-ROM applications, it is the sus- 
tained data transfer rate that is the important number, 
because most CD-ROM applications are of the “stream- 
ing data” type; that is, file sizes tend to be large, and 
seeks tend to be few. 
The obvious solution would be to increase the rota- 
tional speed of the platter, thereby pushing data past 
the head at a significantly increased rate. After all, 
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“The CD-ROM minichanger 
system can offer disc speeds 
of four times the standard, 
resulting in drives with data 
transfer rates competitive 
with all but the fastest 
magnetic media.” 


magnetic disks in hard drives are spun at 3600 and 
5400 rpm. The problem is that the data stream result- 
ing from a rotational velocity of up to 2100 rpms push- 
es existing CD-ROM decoding technology to its outer 
limits. This is due in part to the overhead associated 
with a CD-ROM's robust Error Detection and 
Correction (EDC) scheme. 

In magnetic media, if a sector is bad, it is simply 
marked bad in the FAT and avoided. The surfaces of 
compact discs are much 
less susceptible to dam- 
age, but they do experi- 
ence a great deal more 
handling than hard disks. 
In fact, users never touch 
the disks in a Winchester 
hard disk drive 

Currently there are no 
CD-ROM EDC chip sets 
commercially available 
that can operate at 4X 
speeds. Custom VLSI is 
required to operate at 
this higher data transfer 
rate. If a read error does 
occur, the sector is cor- 
rected while maintaining 
the 614 Kbyte/sec trans- 
fer rate. 

There are three prob- 
lems associated with 
reading data from a CD-ROM, and they roughly corre- 
spond to similar problems found in other forms of 
rotating media: jitter, axial runout and radial runout 








Jitter 

Jitter is the tendency of a disc’s data channel bit to 
deviate in position with respect to the optimal read 
data window. Because of manufacturing quality, jitter 
is not normally associated with factory prerecorded 
discs, but is more likely to occur in CD-recordable discs. 
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In much the same fashion as vinyl 
records, a factory prerecorded CD 
master disc is made from the origi- 
nal digital data. Tracks on the CD 
are spiral, like records, rather than 
concentric, like those on hard drive 
disks. Aligned along these tracks 
are a series of “pits,” or channel 
bits, which modulate the light from 
the read head and cause the bit pat- 
terns. From the master, a mirror- 
image “daughter” mold is made, and 
it is from this mold that CDs are 
pressed. 

When the speed of the disc is 
increased by a factor of four the 
optimal read data window is 
decreased by the same fac- 


both vertically, with respect to the 
surface of the media, and in a tilting 
motion with respect to a radius of 
the platter. This second motion 
allows the head to traverse several 
tracks without any motion of the 
main head assembly, reducing seek 
time and minimizing axial runout. 


Radial Runout 


Radial runout refers to the ten- 
dency of the data track on the disc 
to move from side to side with 
respect to the lens. Radial runout 
can be caused by a variety of fac- 
tors, including pressing errors, 
extreme atmospheric conditions 


the Eight to Fourteen Modulation 
(EFM) code that is used in CD-ROM 
data. There are no grooves to track 
on a CD; tracking is done solely on 
the data pits. EFM is a Run Length 
Limited (RLL) code based on a 
(2,10) scheme. A lookup table is 
used to map 8 data bits into 14 
channel bits with three merging 
bits. This guarantees that there will 
not be more than three channel bits 
in a row and there will not be more 
than 11 blank channel bits. This 
method provides a constant feed- 
back signal to the tracking circuitry, 
thus assuring data availability. 
Custom servo circuitry for 4X dri- 
ves has been developed 





tor. Jitter does not affect 
the head at all, but is 
detected by the decoding 
circuitry. If jitter increases 
beyond the parameters of 
the decoding circuitry, the 
track must be re-read, dra- 
matically reducing system 
performance. 

Axial and radial runout 
are the other two problems 
that had to be overcome in 
order to make a drive capa- 
ble of the 2100 rpm spin 
rate. Both of these are relat- 
ed to the variation in the 
position of the data track 
with respect to the read 
head of the drive. 


Axial Runout 





based on video laserdisc 
technology. In fact, 
laserdiscs can have a 
much faster linear velocity 
across the head than a 
compact disc spinning at 
4X speed. 

Pioneer’s 4X minichang- 
er can be used in applica- 
tion where CD-ROMs were 








RF SIGNAL = 02 + 03 + D4 
FOCUS ERROR = 02 
TRACKING ERROR = D1 


previously unacceptable, 
D3 due to either speed or 
DS capacity limitations. A six- 








disc minichanger has a 
combined capacity of 4 
Gbytes, while a jukebox 
provides a 12-Gbyte capac- 
ity. The disc exchange 
time is less than five sec- 
onds. The systems are 








Axial runout, which has a 
variety of causes, refers to 
the vertical deviation of the 
disc as it spins. Simply stated, the 
rotating disc moves towards and 
away from the head. Hard drives 
don't face this problem because the 
head maintains its position by float- 
ing above the disc, on a cushion of 
air passing between the head and 
the spinning disc. 

The objective lens, or head, in a 
CD-ROM drive must maintain an 
exact position with respect to the 
media in order to correctly focus, 
track and read the data. To accom- 
plish this, the objective lens must 
position itself using a knife edge 
focusing system (See Fig). 

The knife edge is generated by 
dividing the holographic lens ele- 
ment in half. The lens itself is mount- 
ed in a system that allows motion 


aa 


Fig Positioning of the objective lens must be exact in e CD- 
ROM drive for accurate data tracking and focus. 


(heat, moisture), and rotational 
deformation. 

Accuracy is a primary concern 
with the increased speed of rota- 
tion. The minichanger system uses 
a three-beam tracking system for 
accuracy in tracking the data. A low 
frequency diffraction grating is used 
to generate the three beams. The 
brighter zero-order beam is used to 
read data, while the first-order 
beams are used as the outrigger 
beams. These outrigger beams are 
slightly offset from the center beam 
and track the edges of the data pits. 
The drive measures and compares 
these amplitudes constantly. When 
the amplitude of the two signals is 
equal, the lens is on track center. 

The ability to track data is due to 


compatible with all of the 
existing data standards: 
CD-ROM XA; Red Book, for 
audio, Yellow book for CD- 
ROM data discs; and Orange Book 
for multi-session CDs. 

The adoption of any new technol- 
ogy depends on a number of fac- 
tors, including cost, stability, matu- 
rity and accessibility. However, the 
primary criterion is that the new 
technology provide a solution. 


Richard Millett is the engineering 
manager of the Optical Memory 
Systems Division of Pioneer New 
Media Technologies, Inc. (Santa Clara, 
CA.) He holds a Bachelor of Electrical 
Engineering and an MSEE, specializ- 
ing in laser and electro-optics, from 
the Georgia Institute of Technology. 
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Optical Industry Paced By The Meteoric 
Growth Of CD-ROM Technology 


optical disk drive industry shipped 2.6 million 
units into data storage markets in 1992 and is 
projected to deliver more than 4.5 million units in 
1993-a 76% rate of growth. Demand is forecast 
to expand to 11 million units in 1998, according to 


shipped for computer data storage and 48% of total rev- 


enue. 
“Total drive shipments for 1992 were up 119% over 


growth in CD-ROM market in the face of falling prices for 
all categories of optical products,” he added. 

According to market analysis, the worldwide market for 
all types of optical disk drives will approach $2.5 billion 
at OEM price levels in 1998, a 15% compounded growth 
rate from the $1 billion value of the 1992 market. 
Projected revenues for 1998 are divided between 
rewriteable and multifunction products at $1.2 billion 


(49% of total revenue); CD-ROM drives at $1 billion 
pow eaacherynymwige toa aberdeen ry ngs 


revenue in 1997 and will lead optical revenues there- 
after. 


PROJECTED WORLDWIDE SHIPMENTS ALi OPTICAL DISK DRIVES (000s) 





1994 1997 1998 


1.275 1,415 

64 78 

8,980 9,910 

TOTAL DRIVES 10,319 11,403 


GROWTH FROM 
PREVIOUS YEAR 76% 
INSTALLED BASE 


AT END OF YEAR 8,834 14,436 20,775 27,269 33,645 39,598 














WITH DCC TECHNOLOGY, EVEN AUDIOPHILES 


WILL BE MAKING TRACKS FOR YOUR PRODUCT. 


Even the most 
discerning ears 
will perk up 
when they hear 
your new Digital 
Compact Cassette 
systems. DCC delivers 
unequaled sound quality, track after track 
DCC technology allows you to offer more 
+ digital recording «increased shock resistance 
* ability to play current audio cassettes * sampling 
at 32, 44.1, and 48 KHz digital error correction 
Specify DCC modules from Philips, the inventor of 
DCC. Philips gives you everything 
you need for your perfect DCC 
system: components such 
as mechanisms, PCB's, 
IC’s and complete 


1-800-235-7373 


Outside U.S. FAX 31-40-732277 


functional systems, including 
hardware and software 
development tools. Philips 
DCC modules take your system to audio 
optimization! 
*LDU 1000... Load/record/ playback unit 
*DIG 1000 Signal Processor... PCB with 
complete DCC electronic set 
*PASC IC's... Complete Precision Adaptive 
Sub-band Coding IC set 
¢Thin Film Heads... 9 track record/playback to 
18 track playback 
Call today and let Philips help you make a 
quality sound decision! 


Aewenye aor 


It's Time 


PHILIPS 
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MPEG Video CD Standard 
Hastens Digital Video 
Playback On The PC 


The pathway for adoption of digital 
video on the PC will become very clear 
in 6-12 months 


the computer’s display controller. 
here is nothing Depending on where the video is to 
in computing appear, the corresponding area of 
that quite the computer’s display memory is 
grabs a user’s set to the chroma key color (typically 
attention like magenta), and when the chroma key 
full motion samples are detected, video circuitry 
color video replaces these samples with real 
playing on a video data from the frame buffer. As 
computer screen. Partly it’s the the frame buffer is updated at least 
color in motion, and partly it’s 30 times per second, and refresh of 
the fascination in seeing familiar the video screen occurs at least as 
television imagery in an unex- often, live video appears on the 
pected place. Whatever the computer screen. 
attraction, re-searchers know Because the active video area is 
that video is far better retained typically less than full screen, samples 
than sounds or words, and soft- from the captured video are usually 
ware developers are scrambling dropped in order for the full video 
to incorporate video into games, picture to fit in a display window. First 
training materials, presentations generation video mixing devices from 
and communications tools. companies such as Parallax, IBM 
However, the current genera- (“M-Motion”) and Chips & Technolo- 
tion computers were designed to _ gies (“PC Video”) were only able to 
display color bit-map graphics, drop video samples from the frame 
but not to display full motion 30 buffer in order to fit the full video 
frame-per-second video with the picture into a window, sometimes 
accompanying synchronized leading to jagged lines caused by 
audio. One way to create a live aliasing. A variety of second genera- 
video display on computer is to tion chips from IBM, Philips, Aura- 
retrofit the computer with spe- vision and others are able to average 
cial hardware that “mixes” an pixels when scaling in order to re- 
external video source with the move aliasing effects. 
signal generated by the comput- Video windowing is useful, as it 
er’s built-in display controller, brings full motion video to the com- 
creating “Video in a Window”. puter screen, but the source of this 
Video windowing is a fairly video is almost always analog (video 
complicated process, wherein the tape, laser disk, cameras, TV cable, 
source video signal, in analog etc). Although this source material 
form, is decoded, digitized, and is digitized when temporarily stored 
stored in a special memory in the video mixing frame buffer, a 
buffer called a frame buffer, and single full screen image requires on 
then mixed with the video stream _ the order of 1 megabyte of storage, 
coming from the computer's dis- so one second of video would 
play controller using atechnique _ require transfer and storage of 30 
called “chroma keying” (Fig 1). In _full frames per second. Very few 
this design, there are two sepa- computers have the transfer band- 
rate video frame buffers—one for width or storage capacity for 30 
the digitized video, and one for Mbytes of data per second. If they 
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Fig 1 Video windowing is a complicated process, involving multiple video memory 
buffers, data paths and control devices. Addition of compression/decompression hard- 
ware requires further memory buffers, data paths etc. 


did, then it would be possible to 
transfer the digitized video to a 
storage device, and then play it 
back later by transferring from the 
storage device back to the frame 
buffer or directly to the computer's 
video memory for direct display. 


The Bandwidth Problem 


To store the video in digital form, 
there are several solutions to the 
bandwidth problem. One possibility 
is to reduce the resolution of the 
captured video. The video capture 
software provided by Apple’s 
Quick-time and Microsoft's Video 
for Win-dows only transfers a sub- 
sample of the captured video (typi- 
cally 1/16 of the actual capture res- 
olution) from a video frame buffer 
at 15 frames per second. 

Unfortunately, that still requires 
transfer of approximately 1 Mbyte 
of data per second, significantly 
exceeding the operating system 
disk write performance of most disk 
drives and resulting in very low 
frame rates for very small pictures. 
Both Apple and Microsoft provide 


software to compress the captured 
video, but only the highest perfor- 
mance systems are capable of 
absorbing these data rates, and 
most systems drop 30%-70% of the 
captured frames. 

Another solution is to compress 
the video data before transferring it 
to the host computer. There are 
several existing methods for accom- 
plishing this, including use of JPEG 
chips from C-Cube, LSI Logic or 
Zoran to perform 10:1 to 20:1 com- 
pression directly from the video 
frame buffer, Intel’s i750 DVI (Indeo) 
processor for 5:1 to 10:1 compres- 
sion, or MPEG systems from 
eidesign, Microboards, C-Cube or 
Xing Tech-nology to gain 20:1 to 
80:1 compression. Some of these 
systems are quite expensive (the 
first MPEG encoders cost $250,000), 
but more recently, live video cap- 
ture /compression boards have fall- 
en to $500 price levels, with both 
Apple’s Quick-time and Microsoft's 
Video for Win-dows beginning to 
support these “real-time” compres- 
sion systems. 






































Fig 2 Video CD is a CD-| and CD-ROM XA compatible CD-ROM publishing specification 


for MPEG audio/video interleaved streams 


48 


Video is generally accompanied 
by audio. The compression offered 
by JPEG video or Intel DVI (Indeo) 
include a variety of techniques for 
handling audio, but no standard 
method, while the MPEG internation- 
al standard fully specifies a nominal 
10:1 audio compression format 
called “MUSICAM”, as well as 
audio/video interleaved format 
called the “MPEG System Stream”. 
Audio compression usually gets less 
attention than video compression, 
because the data rates are signifi- 
cantly lower for audio than for 
video (stereo 44.1 kHz audio 
requires 176 Kbytes of storage per 
second, which is easier to handle 
than the 30 Mbytes of video), but 
audio quality has a very large impact 
on the perceived quality of the 
accompanying video. Analog 
Devices (using DSP code from Xing) 
and Motorola offer “real-time” 
MPEG audio compression solutions. 


Video CD 


There is now a CD-I and CD-ROM 
XA compatible CD-ROM publishing 
specification for MPEG audio/video 
interleaved streams called “VideoCD”, 
which was proposed by Philips and 
JVC, and endorsed by virtually 
every major consumer electronics 
equipment manufacturer, including 
Sony, Matsushita, SGS Thompson, 
etc. (Fig 2). Paramount Pictures is 
encoding 50 movies to the MPEG 
VideoCD CD-ROM format, and other 
film and television studios as well 
as game publishers are expected to 
standardize on VideoCD for content 
distribution. The VideoCD format 
will also be basis the for video 
delivery in video dial-tone and 
video-on-demand systems. 

Once video (and accompanying 
audio) is stored in a standardized 
digital format, playback is the mir- 
ror image of encoding. The com- 
pressed digital video must be 
decompressed, then deposited into 
the computer’s display controller 
memory for viewing, or placed in a 
frame buffer for mixing via a video 
windowing controller, as described 
above. Computer systems have the 
same bandwidth problem with 
video display that they have with 
video capture, as display of 30 full 
screen frames per second requires 
the generation and transfer of 30 
Mbytes of data per second, again 
exceeding the capabilities of most 
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current generation computers. 

For playback, the compressed 
video and audio data must first be 
decompressed, using the computer's 
CPU or specialized chips that are 
dedicated to video and audio 
decompression. Xing Technology is 
the only company that offers an 
MPEG software decompression 
solution for both video and audio, 
though a number of companies, 
including C-Cube, SGS Thompson, 
IIT, Motorola and Philips have 
developed low-cost video decom- 
pression chipsets for compressed 
MPEG video, and Analog Devices 
(using Xing DSP code), LSI Logic, 
Texas Instruments, Motorola and 
Philips have developed chipsets for 
MPEG audio decompression (Fig 3). 

Somewhere in the system, the 
video data, now expanded to 20 to 
80 times its compressed size, and 
the audio data, now expanded to 10 
times its compressed size, must be 
temporarily stored before being 
transferred to the display and audio 
output devices. Audio storage isn’t 
such a problem, but video storage 
is, as again there is 30 Mbytes 
worth of video being generated every 
second for full screen display. In the 
case of hardware decompression, 
this generally requires another 
frame buffer for temporary storage. 
In the case of software decompres- 
sion, there just isn’t enough capaci- 
ty to handle this much data, so 
video picture size and / or video 
frame rate must be reduced. 
Current generation computers can 
manage transfer rates on the order 
of 4 to 8 Mbytes of video data per 
second, allowing one-quarter to one- 
third screen display with software 
decompression, but specialized 
hardware is required to assist the 
computer in generating the higher 
data rates for full screen display. 

Once the decompressed data has 
been generated, it must then be 
transferred to the computer's dis- 
play subsystem. Current hardware 
de-compression systems maintain a 
separate video frame buffer for the 
decompressed data, and then use 
the above described chroma-key 
mixing techniques to display video. 
This is an inefficient system, as it 
requires a separate frame buffer for 
video storage (500 Kbytes to 1 
Mbyte of fast memory), compiicat- 
ed and sometimes non-standard 
cabling (a VESA feature connector 
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(a) VIDEO CAPTURE AND MPEG COMPRESS MODE 
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Fig 3 The Xingit! MPEG encoder board operates with any X86 CPU to enable the real 
time capture and compression of video signals, as well as MPEG software playback in a 


window with up to 320 x 240 resolution 


cable plus VGA cabling). It would be 
preferable to transfer the decom- 
pressed video directly to the memo- 
ry of the computer's display con- 


SEE 
“The VideoCD format 
will also be basis 
the for video delivery 
in video dial-tone 


and video-on-demand 


systems.” 
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troller, but current generation display 
subsystems are not equipped to 
absorb the high data rates. 


Next Generation Systems 


Next generation display subsys- 
tems which can handle the high 
data rates are now beginning to 
appear from VGA chipset compa- 
nies such as Weitek, Tseng Labs, S3 
and ATI. New chipsets will accom- 
modate video data with special 
input ports, storing the video data 
in the main display memory, and 
providing special functions such as 
window positioning and scaling. 
Ideally, the display chipset would 
also perform video decompression, 
and work is under way to accom- 
plish this, now that a publishing 


standard for compressed video 
streams—MPEG VideoCD—is gain- 
ing popularity. However, no 
announcements of future devices 
with built-in MPEG decompression 
have yet been made, though they 
are anticipated. 

In the future, playback of televi- 
sion quality digital video and audio 
will be a standard feature of all com- 
puting systems, just as the display 
of color bit-map graphics is now a 
standard feature of current comput- 
ing systems. New computer display 
controller subsystems will support 
mixing of video and graphics, and in 
some cases, directly support video 
de-compression. The MPEG 
VideoCD standard was an important 
step in establishing a cross-plat- 
form interchange format for com- 
pressed digital video and audio, and 
virtually all providers of video con- 
tent have adopted MPEG as their 
format for content distribution. The 
pathway for adoption of digital 
video on the PC, once a very con- 
fused picture, will become very 
clear in the next 6-12 months 


Howard Gordon is founder and 
president of Xing Technology (Arroyo 
Grande, CA). He received a 
Bachelors degree in Mathematics 
from UCLA 
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by Jeffrey Garner and 


OPTICAL STORAGE 


The Easy Road To 
Information Interchange 
Optical Standards 


The growing list of optical standards 
takes some of the mystery out of the 
technology. 


s large compa- 
nies get small- 
er, and small 
companies 
struggle to 
survive, many 
organizations 
are looking 
into the future and planning tomor- 
row’s storage strategy today. While 
there are many choices for systems 
that solve current requirements, the 
big question for end users still 
remains—How long will our invest- 
ment in current storage systems 
last? When faced with the reality 
that information nearly doubles 
annually, many organizations real- 
ize that today’s decision will affect 
information access and data porta- 
bility for years to come. When 
selecting a mass storage solution, 
users must deal with the dilemma 
of choosing a system which provides 
growth capabilities and compatibility 
features that eliminate the threats 
common to proprietary systems. In 
a world where technology marches 
on, most people are concerned with 
one major issue: How do we protect 
our investment? The solution is 
standardization. 

Optical storage devices have 
gained great popularity because 
of several key features. The most 
attractive features include removable 
media, high capacity storage capa- 
bilities, and long term useful media 
life. Unlike other storage alternatives, 
optical devices provide users the 
knowledge that once data is written 
to an optical disk the information 
will be safe and secure for more than 
30 years. Popular 5.25-in. magneto- 
optical devices provide 1.3 Gbytes of 
storage capacity per cartridge, and 
feature advanced laser technology 


that eliminates the threat of head 
crashes found in hard disk systems. 

With the growing popularity of 
optical storage systems, the American 
National Standards Institute (ANSI 
recognized the need for optical 
standards and established the ANSI 
X3B11.1 subcommittee to develop a 
common file system format that 
would provide universal data access 
and information interchange. ANSI’s 
X3B11.1 subcommittee made great 
progress and attracted the attention 
of the European Computer Manu- 
facturers Association (ECMA) which 
volunteered the help of their TC15 
subcommittee which specialized in 
file system standards. Under joint 
development, ANSI’s X3B11.1 and 
ECMA’s TC 15 submitted a draft of 
the file system to ECMA’s General 
Assembly in June 1992. At that time, 
the proposed standard was accepted, 
and ECMA recognized the file system 
as ECMA 167, formally known as 
“Volume and File Structure for Write- 
Once and Rewritable Media Using 
Non-Sequential Recording (NSR) for 
Information Interchange.” 

As an internationally recognized 
ECMA standard, the International 
Standards Organization (ISO) placed 
the NSR file system on their fast-track 
review process. On November 10, 
1993, 18 of the participating countries 
that voted on the ISO standard met 
in Florida to review several issues 
of the proposed ISO/IEC DIS 13346 
file system. During the November 
meeting all issues affecting the 
standard were resolved, making the 
ISO/IEC 13346 a published file system 
format which uses the same ECMA 
naming scheme, “Volume and File 
Structure for Write-Once and Rewrit- 
able Media Using Non-Sequential 
Recording (NSR) for Information 
Interchange.” 
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introducing TurboMASS. it turns your optical 
jukebox into a lean, mean, storage machine. 


Hard-Edged Performance 
Want to see an optical 
jukebox system race? Hook 
TurboMASS between your 
system and your iukebox 
and watch your back-up 
archive and data storage 
speed up by 200-1,000% 


No More Software 
TurboMASS is a revolu 
tionary new hardware and 
firmware system thal 
eliminates the need for optical software. It serves as a universal 
translator so that hardware integration from different vendors 
is simple and cost-effective 
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TurboMASS reduces the di 
monitoring feature. It also allow 
diagnostics support and even h 
For over 15 years, | 
in data storage technology 
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Now that ISO/IEC 13346 is a glob- 
ally accepted standard, rewritable 
and WORM users will benefit by 
having the ability to share data and 
media across supported environ- 
ments and device types (See Table). 
The goal of this optical standard is 
to provide the framework for creat- 
ing file directories, partitions, vol- 
umes, data descriptors, along with 
other attributes that define the file 
structure which allows universal 
information interchange. 

As a published standard, ISO 
standards information is available 
to any vendor that chooses to make 


e_—_ == 
“Now that ISO/IEC 
13346 is a globally 
accepted standard, 

rewritable and WORM 

users will benefit by 


having the ability to 
share data and media 
across supported 


environments and 


device types.” 
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their systems compliant with the 
new file system format. With indus- 
try standards each vendor has 
access to all information dictating 
the file system format. 


Defining The ISO/IEC 13346 
Standard 


Although ISO/IEC 13346 is a pub- 
lished standard, developers and 
end users need to be aware of the 
elements that make up these file 
system formats: ISO/IEC 13346 con- 
tains five separate parts. The first 
part contains general references 
and definitions and the four remain- 
ing parts are Volume/Bootblock 
Recog-nition, Volume/Partition 
Labeling, File System, and Record 
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TABLE 1: ISOMEC 13346 FEATURES 








WORM SUPPORT 

REWRITABLE SUPPORT 
VENDOR INDEPENDENT 
INFORMATION INTERCHANGE 
UNLIMITED FILE SYSTEM SIZE 
UNLIMITED VOLUME SIZE 
PUBLISHED STANDARD 
VOLUME SPANNING SUPPORT 
DATA COMPRESSION SUPPORT 
OPERATING SYSTEM INDEPENDENT 
SPARE FILE SUPPORT 

MEDIA DATA PORTABILITY 








Structure. The parts are indepen- 
dent of each other and can be used 
separately or all together. 

The volume is a logical address 
space of sectors on the media, and 
in regard to optical usually corre- 
sponds to one side of a cartridge. 
Therefore most optical cartridges 
would be considered two volumes, 
one for each side of the media. The 
partition is a contiguous sequence 
of sectors within a volume which 
allows a volume to contain multiple 
partitions. A logical volume is a set 
of partitions on which a file system 
may be recorded. A volume set is a 
set of volumes with a common vol- 
ume set identification, which may 
contain multiple logical volumes 
(file systems). The Figure is an 
example of a volume set (research) 
consisting of two volumes, alpha and 
beta. Volume alpha contains two 
partitions, while volume beta con- 
tains a single partition. Also shown 
are two logical volumes, hardware 
and software. Logical volume hard- 
ware consists only of partition one 
on volume alpha. Logical volume 
software consists of partition two on 
volume alpha and partition one on 
volume beta. Logical volume soft- 
ware illustrates how a single file 
system can span multiple physical 
cartridges. 

Part two defines a general method 
for recognizing what standards were 
used to record the data on the 
media. For example this allows a 
driver to determine if the media 
contains data structures for ISO 
9660, ISO/IEC 13346, or both. Even 
though the standard supports 
mixed standards on a single vol- 
ume, in most cases only one will be 
found. 

The standard also defines a 


method for recording basic booting 
information for a variety of hardware 
systems and operating systems. This 
is accomplished through what is 
called a Boot Descriptor. The boot 
descriptor contains fields that de- 
fine the system architecture type 
and an operating system identifier. 
Multiple boot descriptors may be 
recorded on a volume, allowing 
boot support of multiple operating 
systems for a variety of different 
hardware systems on a single vol- 
ume. ISO/IEC 13346 provides a stan- 
dard method for hardware system 
boot ROMs to support booting from 
optical. 


Volume/Partition Labeling 


Part three of the standard 
defines a general method for defining 
volume labels, volume sets, parti- 
tions and logical volumes. All this 


———_—=————— 
“With the growing 
popularity of optical 
storage systems, the 
American National 
Standards Institute 
(ANSI) recognized 
the need for optical 
standards and 
established the 
ANSI X3B11.1 


subcommittee.” 
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functionality is similar to the DOS 
utility FDISK which is used to parti- 
tion a single hard disk for different 
operating systems. In addition, ISO/ 
IEC 13346 includes the ability to 
define logical volumes which may 
span multiple physical volumes 
common in optical jukeboxes. The 
logical volume can contain anything, 
such as a DOS file system, or a UNIX 
file system, or the NSR file system 
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t's a claim few companies can ISO standard 128MB capacity 

make. Yet at Olympus Optical, our And a rugged, reliable, dust-free desigs 

unequalled 75-year history of product All of which make the reliable MOS 300S 

development in the camera, microscope, and 300E ideal for today's data-intensive 
medical imaging and consumer audio business storage applications like desktop publishing 
taught us what was needed to be the very best in ® and CAD applications. What's more, our new 
the optical storage business: high quality, high-per- 3.5” optical drives are backed by unequalled sup 
formance products at a competitive price port programs. And, of course, the proud 75-year 

Olympus has become the world’s third largest manu heritage of Olympus. Best of all, Olympus 

facturer of rewritable optical storage devices as an Image Systems’ optical drives are available 
OEM. Now, for the very first time, our 3.5” drives are now through our nationwide distributior 
available to you from Olympus Image Systems 4 ; network 
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such technological innovations as disk rotation | nearest you, Olympus Image Systems, Inc 
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as defined in part four of the ISO/IEC 
13346 standard. ISO/IEC 13346 pro- 
vides a standard method for defining 
logical volumes for any use, includ- 
ing native file systems or the NSR 
file system. 

Part four of the standard defines 
how to record a hierarchical file 
system which has been designed 
for information interchange. When 
used in conjunction with part three 
of the standard, the NSR file system 
is recorded within a logical volume. 
Basically, this is the section that de- 
fines how files and directories are 
stored on the media so the device 
can maximize system capabilities 
by easily locating information based 
on data descriptors. File system 
specifications were written with the 
goal of data interchange between a 
wide variety of operating systems. 
Therefore the standard has the abili- 
ty to record a full range of file attrib- 
utes including extended attributes. 

Part five of the standard defines 
record structured files. This section 
of the standard was mainly written 
to support backward compatibility 
to certain features of ISO 9660. 


Information Interchange 
Implementation 


Now that you understand what 
the structure of standardized file 
systems are all about, there are sev- 
eral key factors that determine if 
media and data portability will be a 
practical solution for your environ- 
ment. There are three main areas 
that affect information interchange, 
and each of them need to be consid- 
ered before the initial investment is 
made into purchasing a standards 
compliant optical solution. The 
areas to consider include: physical 
level interchange, logical level inter- 
change, and application level inter- 
change. 


Physical Level Interchange 


Physical media interchange 
focuses on the actual size of the 
media supported across different 
optical drives. The data that is 
being interchanged at this level is 
dependent on the ability of different 
drives to accept media used in 
another manufacturer's drive. 
When it is stated that two different 
optical drives can interchange data 
at the physical or sector level, it 
means that the drives can universal- 
ly read and write data from media 


56 


OPTICAL STORAGE 


Standards 


between different devices. For 
example, physical interchange is 
possible between different 5.25-in. 


EEE 


“There are three 
main areas that 
affect information 
interchange, and each 
of them need to be 
considered before the 
initial investment is 


made into purchasing 
a standards compliant 
optical solution.” 


—— EEE 


optical drives, but not between 
5.25-in. and 3.5-in. The physical 
dimensions are different and there- 
fore not interchangeable. 

To ensure physical (sector) level 
interchange optical media is manu- 

















Fig An optical cartridge can be considered 
two volumes for purposes of capacity 
planning 


factured to specifications defined 
by several standards organizations. 
These organizations include the 
American National Standards Insti- 
tute (ANSI), the European Computer 
Manufactures Association (ECMA), 


and the International Standards 
Organization (ISO). Table 2 shows 
the different types of optical media 
and the associated physical media 
standards from the different stan- 
dards organizations: 


Logical Level Interchange 


The logical level interchange is 
sometimes referred to as the file 
system interchange. This level 
focuses on the information struc- 
ture which determines information 
interchange between different plat- 
forms. The logical, or file system 
structure is concerned with parti- 
tions, directory structures, volume 
information, data descriptors along 
with other elements that defines 
how information is arranged on the 
optical media. Optical media sup- 
ports a wide variety of native file 
systems such as FAT (DOS), HPFS 
(OS/2), HFS (Apple MAC), JFS (AIX), 
System V (UNIX), among other. 
With removable optical media and 
native file system support, data can 
be interchanged between different 
platforms running the same operat- 
ing system. To interchange files be- 
tween platforms running different 
operating systems, a standardized 
file system format must exist to 
support both operating environ- 
ments, such as NSR. 


Application Level Interchange 


Once you have physical (sector) 
and logical (file) interchange capa- 
bilities you can move data between 
different optical drives on different 
computers using different operating 
systems. Application interchange 
which deals with the contents of 
the files on the optical media. Lets 
say that you have sector and file 
interchange between a PC and a 
Mac. This tells us that you can copy 
files to an optical cartridge on the 
Mac, bring that cartridge over to a 
PC and type in dir and see the files 
you copied to the cartridge on the 
Mac. Assume that you used a data- 
base application called alpha on the 
Mac to create the files on the car- 
tridge. Now you wish to read those 
files on the PC using a database 
application called beta. Unless 
alpha and beta use the same file for- 
mat you will not be able to read the 
data written by alpha with the beta 
program. To have application inter- 
change, the applications must be 
using the same application stan- 
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dards, and in this case the same file 
format. 

Currently there are numerous file 
format standards that allow applica- 
tion interchange. There are data- 
base file format standards such as 
DBF and DIF. There are image file 
format standards such as TIFF, PCX, 
GIF, and JPEG along with audio 
standards such as WAV and VOC. 
Applications that support standard 
file formats will be able to inter- 
change data at the application level 
without specialized conversion utili- 
ties. What this means to the user is 
that the file system standard pro- 
vides access to the data, while the 
application manages import/export 
capabilities, thus providing trans- 
parent data access, regardless of 
the operating environment. 


ISO/IEC 13346 File System Benefits 


Now that we have covered the 
elements that form the framework 
supporting information interchange, 
the real benefits are as follows: 
@Rewritable And WORM Support. 
Native file systems, such as FAT, 
HPFS, JFS, and others, were designed 
for magnetic media and are able to 
rewrite a sector on the media. Write- 
once does not allow sector 
rewrites, because a sector may only 
be written to once. Therefore if you 
wanted to use WORM media it 
could not be done through the 
native file system; however, NSR 
now supports WORM devices. Until 
NSR was available every WORM 
implementation used some form of a 
proprietary file system since this was 
the only way to support WORM. 
With proprietary file systems, the 
ability to have file interchange is 
lost for those users that need to 
move data across different file sys- 
tem formats. The NSR standard pro- 
vides a true standard file system for 
WORM media that supports informa- 
tion interchange and provides a vehi- 
cle for media and data portability. 
@Operating System Independence. 
In the same way that CD-ROM 
media written in the ISO 9660 file 
system standard can be read on a 
wide variety of operating systems, 
media written in the NSR file system 
standard can be read/written on a 
wide variety of operating systems 
that support the NSR standard. As 
the title of the standard states it 
was designed for information inter- 
change. For example, you can store 
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files under DOS on a piece of NSR 
media, then take this media to a 
system running AIX and update the 
files, then take the media to a 
machine running OS/2 and so forth. 
NSR provides you with file inter- 
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change between today’s operating 
systems and the operating systems 
of tomorrow. 

@Vendor Independence. Different 
vendors frequently use different 
techniques to create application 
solutions. Implementing unique 
programming techniques causes 
problems with file interchange be- 
cause different vendors may not 
understand the methodology used 
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“With NSR media 
you will be able to 
exchange files with 
different platforms 

even if the NSR 
software on the other 


computer was devel- 
oped by a different 


vendor.” 


—_—_ _ EEE 


to write data, therefore compatibili- 
ty problems are common. With NSR 
media you will be able to exchange 
files with different platforms even if 
the NSR software on the other com- 


puter was developed by a different 
vendor. Access to your data is not 
locked to any single vendor, but is 
vendor independent 
@Massive Volume Support. Most 
native file systems were designed 
before the massive capabilities of 
today’s storage subsystems and 
have limitations such as a maxi- 
mum of a 2-Gbyte file system size 
Unfortunately, native file systems 
were not designed to support juke- 
box type storage devices. Unlike 
native file systems, NSR was de- 
signed for the massive storage 
needs of tomorrow. This flexibility 
allows you to create volumes as 
large as you want, with complete 
flexibility of file system size and vol- 
ume spanning across multiple plat- 
ters and devices. By today’s stan- 
dard it is clear that NSR was 
designed to meet the mass storage 
needs of a global community well 
into the future 

To measure how important stan- 
dards are in the quest for universal 
data access and investment protec- 
tion, ask yourself these questions: 
What operating system will | be 
using 10 or 20 years from now? 
What hardware platform will | be 
on? If | store massive amounts of 
data today what will I do if I can't 
read it on my machine of tomorrow? 

For most of us the answers will 
not be too surprising. We need stan- 
dards compliant systems, and with 
ECMA and ISO supported devices, 
users have the assurance of data 
access for years to come. Both the 
ECMA and ISO standard file systems 
provide a high level of confidence in 
long-term data interchange between 
today’s operating systems and those 
operating systems of tomorrow 

For further information on optical 
standards referenced contact the fol- 
lowing organizations: ANSI and ISO 
Documents: Global Engineering 
Docu-ments 1-303-792-2181; ECMA 
Docu-ments: European Computer 
Manufac-turers Association +44-22- 
735-36-34 


Jeffrey Garner is the product mar 
keting manager and Arnold Jones is 
director of research and development 
with Micro Design International 
(Winter Park, FL) 
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DO YOU HAVE A NEED FOR REMOVABLE 
STORAGE PRODUCT? 


FOR DATA SECURITY, PORTABILITY, BACK-UP OR RAID APPLICATIONS 


CALL CRU, INC. 
THE U.S. PATENT OWNER OF DATAPORT 
U.S. Patent No. Re. 34.369 and Des. 308,052 for REMOVABLE ADAPTER. 


beatures 






DataPort IN 





DataPort \ 





DataPort I 





DataPort II 


CRU, Inc. the computer storage experts, offers a full line of patented DataPort removable storage modules (RSM). DataPort is the 
perfect solution for protecting your valuable data. Its benefits are security, portability, on-line backup, and hot-removability for 
RAID. DataPort is a lost less expensive than other forms of removable hard drives such as SyQuest, Bernoulli, and Kalok, etc. When 
used in conjunction with disk mirroring software or a hardware RAID controller, DataPort can be used to quickly change out of a 
failed hard drive, thereby reducing computer downtime. 


The DataPort frame is form-fitted for a standard PC/AT 5.25" half-height bay. Its cartridge can accept most |" or 1.65" high 3.5" hard 


drives. Thus, it can easily be installed in minutes. Once installed, the user can remove data simply by turning the key and removing 
the cartridge from the frame. 


Connector Resources Unlimited, Inc. (CRU) has been in the computer storage and peripherials business since 1986. Besides DataPort, 
CRU offers a full line of storage enclosures such as one bay, two bay, four bay, 3.5" portable and RAID chassis. Call us today at 
(408) 957-5757 and see how our experienced sales consultants can help you with all your storage needs 


”~ ” All Trademarks and Registered Trademakrs are of their respective holders 
simply the best CRU and DataPor are registered Trademarks of Connector Resources 


I imer: All specifications and prices are subject to 


ithout notice 


Connector Resources Untimited, tnc. Circle 66 on Reader inquiry Card 
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Disk STORAGE 


Choosing And 
Integrating Current 
Flash Solid State 
Storage Systems 


s the mobile 
computing 
trend acceler- 
ates in 1994, 
you will need 
to configure 
systems with 
mass storage 
solutions that meet new require- 
ments for reduced size and weight 
as well as increased ruggedness, 
reliability and battery efficiency. 
Moreover, your customers may be 
looking for new ways to bring the 
productivity benefits of the PC to 
applications with special require- 
ments for space savings, shock and 


vibration resistance, and tolerance 
for extreme temperatures and 
humidity 

To serve these special mass stor- 
age needs, Intel and other vendors 
are developing a variety of new flash 
memory-based alternatives to rotating 
magnetic mass storage. Flash chips, 
PCMCIA cards, flash drives and peri- 
pheral add-in boards are available 
in a variety of megabyte densities 
and software configurations. 


What Is Flash? 
Flash is a semiconductor technol- 
ogy spin-off of familiar EPROM tech- 


nology. Like EPROMs, flash memory 
is non-volatile and retains data with- 





Introducing The Ultimate 


RAM Cards 

offer from 

5 to 2MB of 

unbeatable 

storage, with 
built-in battery 

backup to protect 
against data loss 


Flash Cards 
provide enough 
capacity (2.5 to 20MB) 
to run Windows, and 
feature a low-power 
design to maximize 
system battery life 


Meet the most valuable business cards you can carry. Epson PCMCIA cards. Now your 
notebook computer, palmtop or PDA can have unsurpassed power, storage and PQ 
a 


communications capabilities, anywhere you take it. Epson cards cost much less, too 
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out requiring a power source. Unlike 


EPROMs, flash memory is erased 
and reprogrammed electrically and 


very quickly. Because of these char- 


acteristics, flash can be configured 
with software to provide a solid- 
state alternative to disk drives. 


Flash And The Traditional PC 
Memory Hierarchy 

The traditional PC memory hier- 
archy includes ROMs or EPROMs 
for boot code storage; disk drives 
for operating system, application 
program and data file storage; 
DRAMs for program execution and 
data manipulation; and floppy disks 
for file transfer. Today, flash memo- 
ry is impacting each of these tech- 
nologies. 

Flash replaces ROMs and 
EPROMs in BIOS applications 
because it allows the BIOS to be eas- 
ily updated to fix bugs or add sup- 
port for new system peripherals. 
BIOS updates can be shipped to the 
customer on a floppy disk or over a 
computer bulletin board. Flash 
BIOS can give more configuration 
flexibility and help reduce support 
costs. 


Flash Memory 


Random-access NOR flash chips 
can also be used to store operating 


“Flash replaces ROMs 
and EPROMs in BIOS 
applications because 

it allows the BIOS 

to be easily updated 

to fix bugs or add 
support for new 
system peripherals.” 
—_—_— EEE 


systems and application programs, 
and the CPU can execute these pro- 
grams directly from flash. In this 

way, flash reduces the redundancy 


of the traditional memory hierarchy, 
where these programs are down- 
loaded from a disk drive or ROM 
chips into DRAM for execution. 

Flash can also be used to configure 
mass storage devices that take the 
form of PCMCIA cards or traditional 
add-in cards. Today's PCMCIA flash 
storage devices provide from 2 to 
40 Mbytes of storage, while add-in 
boards provide virtually unlimited 
capacities. Flash storage devices 
can replace disk drives completely, 
and removable PCMCIA devices can 
absorb the functionality of floppy 
disk drives as well 

As a semiconductor technology 
with no moving parts, flash provides 
several advantages over rotating 
magnetic mass storage. Today, 
flash costs more on a dollar-per- 
Mbyte basis, but complete flash 
storage systems in the 2-10 Mbyte 
range are available for less than the 
floor cost of many disk drives. The 
unique advantages of flash make 
the technology more attractive in 
many applications despite the high- 
er price tag 
WSize and weight. Today, up to 2 
Mbytes of flash storage can be 





Business C 


FAX / Modem Cards 
come in 2.4 to 
14.4 Kbps speeds, 
work with the 
widest range 
of portables, and 


include award-winning 
software to keep 


double capacity. 


you well-connected 


from Epson. 


Our 20MB 
Flash Card delivers 
the ultimate in storage 


power, with pre-installed 


compression software to 


And they're supported by Epson's two-year warranty and free help line, the Epson Connection 


For details on specs and compatibility, call 1-800-BUY-EPSON 
(800-289-3776). And put more power into your portable 


© 1993 Epson America, inc . 20770 Madrona Ave . Torrance, CA 90503 For dealer referral or warranty details, call 800- BUY EPSON (800 289 57 


Circle 16 on Reader inquiry Card 


EPSON 








RAID ENCLOSURES 


Before you buy, be sure your enclosure offers 
the Sigma benefits with your own SCSI, IPI or 
ESD! fast and fault tolerant subsystem for 
workstations and minicomputers. 








Ask for details on our NEW SA-H310 
Eight-Drive Tower/Rackmount Chassis for the 
CMD CRD-5000 RAID CONTROLLER. 











Hot pluggable 3-1/2" drive support. 


Dual redundant, hot pluggable power 
supplies. 


Support for internal or external array 
controller, SCSI string, or software array. 


Complete |/O flexibility, including multiple 
host support. 


Drive activity indicators. 
External drive and controller ID selection. 


Tabletop, rackmount and tower (even 
multiple tower) configurations. 


The best pricing available. 


Siagente 
sMaevlowrrrotior: 
Segsleorrnes 


5775 Polaris Avenue, Las Vegas, Nevada 89118 
(702) 597-5111 — FAX (702) 597-1017 


Cail your local Sigma sales office today and find out how 
you can benefit from the Sigma leadership in RAID enclosures 


CA (408) 241-3770 CO (800) 462-5411 NH (603) 472-9786 


(714) 435-9019 FL (800) 462-5411 NJ (908) 499-0014 
(818) 705-7543 IL (800) 388-9270 NV (800) 462-5411 
MD (301) 251-8990 TX (800) 521-3007 


All product and company names are trademarks of their respective companies. 


Flash Memory 


placed in a single chip measuring 1.2 mm high 
and 14x20 mm wide. Up to 40 Mbytes of flash 
can be squeezed into a PCMCIA Type 1 card 
that weighs less than 2 ounces. 

@Ruggedness and reliability. PCMCIA flash 
cards and drives are designed to withstand 
1,000 Gs of operational shock, which is five 
times higher than the most rugged disk drives. 
Flash cards and drives also operate in environ- 
ments producing 15 Gs of omnidirectional 
vibration. Temperatures ranging from 0° to 








Seach 
“Flash storage devices 
can replace disk 
drives completely, 
and removable 
PCMCIA devices can 
absorb the 
functionality of floppy 
disk drives as well.” 
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60°C pose no problems. PCMCIA flash devices 
work in altitudes ranging from -200 to +40,000 
feet, and in humidity as high as 95% RH. The 
mean time between failure (MTBF) rating is 
250,000 power-on hours versus about 100,000 
hours for many disk drives. 

@Performance. Because flash storage devices 
are completely solid-state, they eliminate the 
performance penalties associated with disk 
spin-up time and rotational latency. When 
storing operating systems and applications in 
flash for direct execution by the processor, 
“instant-on” performance is achieved. PCMCIA 
flash cards based on high-speed 16 Mbit chips 
provide read rates of 10 Mbytes/sec, signifi- 
cantly outperforming even the fastest disk dri- 
ves. Write rates of about .85 Mbytes/sec are 
proportionally slower, but this factor is over- 
shadowed in typical PC applications where 
read operations are four times more prevalent 
than writes. 

@Power consumption. Flash storage devices 
consume power only when data is being 
accessed or written, returning to deep sleep 
mode the instant the read or write operation is 
completed. The power spike associated with 
disk drive motor spin-up is eliminated, and 
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some PCMCIA flash devices require 
only a 3.3V power source for read 
and write operations. Some devices 
can operate with 3.3V or 5V power 
to allow interchangeability between 
standard desktop systems and low- 
power mobile systems. Some PC 
manufacturers claim twice the sys- 
tem battery life with flash, and some 
hand-held PC makers are eliminating 
disk drives completely. 

Silent, vibration-free operation. 
Flash storage devices can be used 
to design completely silent and 
vibration free solid-state systems. 

The applications of flash mass 
storage are varied. Flash storage 
can provide incremental improve- 
ments to existing systems by extend- 
ing performance and battery life. On 
the other hand, flash storage can 
take the PC to new environments 
that were previously too demand- 
ing. Today, flash storage systems 
are deployed in applications includ- 
ing patient monitoring systems, 
robot control systems, police cars 
and flight recorders. 

An obvious application area for 
flash mass storage is mobile com- 
puting, where the benefits of small 
size, light weight, ruggedness and 
long battery life come together. 
Low-cost, application-specific mobile 
systems are possible because flash 
can combine the functions of a hard 
disk drive, floppy disk drive and 
shadow RAM. 


Flash Storage Options 


Flash memory is a building block 
that can be used to design four 
kinds of mass storage devices: flash 
drives, PCMCIA flash cards, periph- 
eral bus add-in boards and resident 
flash arrays (RFAs) that are placed 
on the system motherboard (See 
Table). 

Every flash storage device needs 
to be managed by special software 
that allows the chips to perform 
storage functions for the host sys- 
tem. This is also true of mechanical 
disk drives, which have internal 
media management controllers. 

For integrators and VARs, flash 
drives are an easy way to design 
flash mass storage into the system. 
Here, an on-board CPU and logic cir- 
cuitry handle all of the software 
requirements. At the other extreme, 
customized board-level designs 
place the entire software burden on 
the host CPU. 
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Fig 1 Flash drives, typically packaged with an integrated Drive Electronics (IDE) inter 


face, resemble a mechanical disk emulator 


Flash drives, typically packaged 
with an Integrated Drive Electronics 
(IDE) interface, resemble a mechan- 
ical disk emulator. In fact, from the 
host system’s perspective, the flash 
drive looks exactly like a disk drive, 
only faster. The circuitry inside the 
card hides from the system any dif- 
ferences between a disk’s rotating 
platter and flash memory devices 
(Fig 1). 

As the name implies, Integrated 
Drive Electronics means that the 
drive contains all the circuitry and 
software required to run this self- 
contained unit. In the PCMCIA 
world, the IDE interface is called 
PCMCIA-ATA, where ATA stands for 
AT attachment. Typically, the PCM- 
CIA-ATA electronics occupies most 
of one side of the PCMCIA card 
while the flash array populates the 
other side. The flash array typically 
provides from 5 to 40 Mbytes of 
mass storage, depending on the 
density of the flash chips used. 

To shield the host platform from 
the nuances of flash memory, flash 
drive IDE logic includes a CPU, an 
interface controller, a power con- 


verter, firmware, a RAM buffer and 
some miscellaneous components 
The microprocessor performs high 
level IDE command interpretation 
and handles things like internal 
data movement and flash media 
management. The interface con- 
troller supports the drive's inter- 
face signals and the IDE protocols 
It also acts as the mediator between 
the system bus and the flash drive 
CPU. Most flash memory devices 
require a 12V erase/write current, 
and the drive's internal power con- 
verter generates this supply from 
the 5V system input. 

Today, flash drives integrate flash 
solid-state storage into a system 
Similar to the mechanical IDE drive 
a flash drive plugs right into the 
system and is ready to run, provid- 
ed that a connector is available 
Due to the popularity of PCMCIA, 
the majority of integrated flash dri- 
ves are designed with the PCMCIA- 
ATA interface in a Type Il card form 
factor. This allows the card to be 
plugged into any PCMCIA Type Il or 
Ill socket. A flash drive designed to 
comply with the PCMCIA-ATA speci- 
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fication contains a Card Information 
Structure (CIS) located in an 
Attribute Memory Plane. The CIS 
identifies the PCMCIA card as a 
flash drive and not a mo-dem or 
other peripheral. The CIS also 
describes various drive characteris- 
tics including density, manufacturer 
and power requirements. The CIS 
promotes dynamic insertion and 
interchangeability among different 
PC Cards and different systems. 

According to the PCMCIA specifi- 
cation, all compatible drives must 
power up in the memory mode so 
that the system can read the CIS 
and access special configuration 
registers. A PCMCIA-ATA driver 
must be installed in the host system 
to interpret the CIS, set up the con- 
figuration, and handle the PCMCIA- 
ATA protocol. This driver, approxi- 
mately 8 Kbytes in size, can be 
installed in a system and loaded via 
the “DEVICE=” statement in the 
CONFIG.SYS file. However, in a sys- 
tem with a PCMCIA socket and sup- 
porting software, a PCMCIA-ATA 
driver will typically be included 
with the BIOS code provided by the 
BIOS ISV. If you design your own 
BIOS code, you should integrate an 
ATA driver that meets the ANSI 
X3T9.2 ATA specification. 

Some drives, such as Intel’s 
iFDO10P2SA, can also operate in the 
true IDE sense by pulling the output 
enable signal (OE#) low. In the IDE 
mode of operation, the drive pow- 
ers up with immediate access to the 
drive portion itself, not the CIS. This 
method inhibits interchangeability 
because without access to the dri- 
ve’s CIS, there is no way for the sys- 
tem to determine whether a 
modem, flash card, flash drive or 
other type of PCMCIA card is in the 
socket. 


PCMCIA Flash Memory Cards 


There are many PCMCIA flash 
cards on the market today, and 
most conform to the PCMCIA Type | 
format. Like the flash drive, the 
flash card also contains a flash 
memory array, CIS and PCMCIA 
socket interface circuitry. But the 
similarities stop here. The circuitry 
is generally in the form of propri- 
etary ASICs that handle functions 
including address decoding, data 
bus buffering, status change inter- 
rupt configuration and voltage con- 
trol. The card doesn’t contain a 
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Flash Memory 


CPU, an interface controller, or any 
of the other major components of 
the flash drive. Responsibility for 
flash media management is trans- 
ferred to the host CPU, and the cost 
of on-board IDE logic is eliminated. 
Because the flash cards interface 
directly with the host CPU, flash cards 
can be used to perform eXecute In 
Place (XIP). In XIP, software applica- 
tions can be run directly out of the 
































Fig 2 The PCMCIA-ATA architecture is 
indistinguishable from a rotating platter to 
the host. 


card rather than from DRAM, there- 
by providing “instant-on” software 
re-sponsiveness and reducing the 
cost and board space associated 
with redundant memory systems. 
XIP will become increasingly impor- 
tant in hand-held PC applications 
such as PDAs and Mobile 
Companions. These systems 
require new ways of accessing data 
from the PCMCIA socket and must 
work across a broad range of CPU 
architectures. 

Flash memory cards can be seg- 
mented into an XIP partition and a 
file storage partition. The file storage 
partition requires a Flash File 
System (FFS) that allows the system 
to use the flash card in a disk drive- 
like manner. FFS software, available 
from companies including Microsoft 


and SystemSoft, are special device 
drivers that optimize the flash 
memory file storage capability. 
Whereas disk drives are managed 
as a collection of sectors, the 
Microsoft FFS stores files consecu- 
tively using linked-list pointers that 
locate the beginning and end of 
each file. 

Fig 2 displays the PCMCIA soft- 
ware suite used to integrate FFS 
software with other PCMCIA dri- 
vers, the host operating system and 
hardware resources. These PCMCIA 
software modules play an essential 
role in the hot swapping of PCMCIA 
cards. Hot swapping refers to the 
system's ability to dynamically 
reconfigure itself, without removing 
power, to accommodate I/O cards, 
memory cards and even flash dri- 
ves. This ability also allows the sys- 
tem to be auto-reconfigured via a 
card, a capability sometimes called 
“plug and play.” Card Services mon- 
itors the way PC Cards and their 
applications utilize and interface to a 
host system. It also handles system 
resource sharing. Socket Services 
controls adapter and socket hard- 
ware functions. The Memory 
Technology Driver (MTD) provides 
the programming and erase algo- 
rithms for specific flash memory 
cards. A low-level driver, CARDDRV, 
gives API independence to the FFS. 
After removing a flash memory card 
and installing a flash drive, the 
operating system circumvents the 
FFS and goes directly to the PCMCIA- 
ATA driver. 

An embedded design that does 
not require card removal and inter- 
change also does not require a com- 
plete PCMCIA software suite. The 
FFS and CARDDRV can be combined 
to provide the complete solution. In 
this application, CARDDRV handles 
the functions of Card Services, 
Socket Services and MTDs. 
Although this implies that fewer 
software pieces are needed, the 
designer must modify CARDDRV to 
match the specific hardware 
requirements of the system and the 
type of flash memory cards used. 

Most BIOS vendors offer a com- 
plete PCMCIA software suite. 
System-Soft also provides Microsoft 
FFS. You may choose to buy rather 
than build in order to simplify the 
task of interfacing system software 
with flash memory cards. 

Analogous to the PCMCIA flash 
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card with its flash memory array, the 
flash add-in board provides a relative- 
ly simple way of adding solid-state 
storage to a system. The solution 
does not provide the flexibility of 
hot swapping and dynamic system 
reconfiguration, however. Many com- 
panies manufacture add-in boards 
for the ISA bus, VME bus, or other 
types of system architecture-specif- 
ic buses in a variety of flash storage 
densities. Typically, these systems 
use mechanical disks as the prima- 
ry application storage device while 
the flash memory stores crucial data 
files and high performance applica- 
tions, taking advantage of the relia- 
bility and speed of solid-state tech- 
nology. Flash add-in cards are find- 
ing application in products like net- 
work servers, where network con- 
figurations can be downloaded over 
the network to network manage- 
ment software. 

Similar to using a memory card, 
the host system must provide the 
software to manage the flash memory 
array. Although the add-in board 
doesn't promote the interchangabili- 
ty of memory cards, the same PCM- 
CIA software suite can be used as 
long as some of the modules are 
written to accommodate the specifi- 
cations of the add-in board (Socket 
Services and MTDs). Socket 
Services hides the specific hard- 
ware configuration of the adapter 
and MTDs hide the specific flash 
memory details. 

As a cross between a memory 
card and add-in board, the card 
drive (sometimes called reader/ 
writer) provides a way to add flash 
card support to an existing plat- 
form. Card drives are available for 
several bus architectures including 
ISA, VME and SCSI. Card drives gen- 
erally employ a cable between the 
socket and a floppy disk drive bay 
at the front of the computer, allow- 
ing the end user to easily insert 
memory cards. PCMCIA interface 
controller chips, such as Cirrus 
Logic’s CL-PD6710, lie at the heart of 
these add-in boards, allowing a 
number of commercially available 
PCMCIA software programs to be 
used with these drives. In some 
cases, the card drive vendors sup- 
ply the software along with their 
drives. 


Resident Flash Arrays 
Flash storage may also be designed 
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at the component level. This design 
is called the Resident Flash Array 
(RFA) because the flash devices 
reside on the host motherboard. 
This approach offers the most flexi- 
bility for developing a customized 


“Due to the 
popularity of 
PCMCIA, the majority 
of integrated flash 


drives are designed 
with the PCMCIA-ATA 
interface in a Type Il 
card form factor.” 


——_ EEE 


solution for a specific application, 
but it restricts after-market or inte- 
grator add-ins. 

When using this approach, the 
system designer can select the re- 
quired density, match the bus 
width to the host CPU, and include 
various board-level capabilities to 
optimize the interface. The first task 
is determining the density required 
for the specific application. 
Sometimes, this consideration is 
impacted by board space con- 
straints. The advanced packaging of 
flash components makes it possible 
to achieve very high density board 
layouts. For example, Intel offers up 
to 4 Mbytes of storage in a single 


dual-die TSOP package 

Bus width must be selected care- 
fully. Currently, flash components 
are available with 8- and 16-bit 
interfaces. The erase block size for 
flash memory devices is generally 
64 Kbytes. However, when combin- 
ing several devices in parallel to 
match a 16- or 32-bit bus, this 
increases the effective erase block 
size to 128 or 256 Kbytes 

An important performance con- 
sideration is attaching the flash 
memory to the host CPU. Many 
OEMs use the local bus approach to 
achieve the highest performance 
possible. The local bus is also pre- 
ferable for XIP applications 

Once again, PCMCIA software 
may be used. Socket Services can 
be employed to make transparent 
the hardware differences between 
hardwired flash devices and remov- 
able memory cards. Other details 
can be hidden by modifying the 
MTD to accommodate bus width, 
control signals and other variables 


Choosing The Right Flash 
Storage Solution 


Making the right flash mass stor- 
age selection is a function of many 
considerations, with several practi- 
cal options. Each solution has advan- 
tages and disadvantages that should 
be weighed against the target appli- 
cation requirements and your own 
design skills. You can count on 
flash manufacturers to continue to 
differentiate and proliferate their 
offerings, giving you a wide spec- 
trum of choices, from plug-and-go 
to highly optimized solutions 
Markus Levy is a senior technical 
marketing engineer for PCMCIA flash 
memory products at Intel Corp 
(Folsom, CA). Pedro Vargas currently 
serves as flash market development 
manager for Intel 
For more information circle 113 
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Disk STORAGE 


Streaming RAID— 

A Disk Array 
Management System 
For Video Files 


Conventional file servers and storage 
systems are not well-suited to support 
video over LANs 


he characteris- 
tics of digital 
video files and 
traffic differ 
substantially 
from those 
encountered 
with data appli- 
cations: (i) video files are much larg- 
er than data files, and (ii) video traf- 
fic is continuous in nature while 
data traffic is bursty, with the data 
rate of a video stream much higher 
than the mean rate of a data traffic 
source. Accordingly, conventional 
file servers and associated storage 
systems are not well suited to sup- 
port video services over local area 
networks; instead, new servers 
capable of handling the specific 
characteristics of video files and 
traffic are needed. This article des- 
cribes a disk array management 
system called Streaming RAID which 
is particularly suitable for a video 
applications server. 

Streaming RAID is a component 
of StarWorks, digital video networking 
software based on a client/server 
model aimed at supporting multiple 
video users simultaneously. Star- 
Works consists of server software 
which turns a standard off-the-shelf 
hardware platform (such as a PC or 
a workstation) into a streaming video 
server, and client software which 
allows multimedia clients (such as 
a PC, a Macintosh, or a UNIX work- 
station) to control video services 
remotely, and to transmit and receive 
video stream data over the network. 
The server software is currently 
implemented for a PC platform 


equipped with a 50 MHz i486 micro- 
processor, an EISA bus, a SCSI-2 bus 
interface, and multiple magnetic 
disk drives, and achieves an aggregate 
stream data rate of 25 Mbps (i.e., 
supports twenty 1.2 Mbps video 
users simultaneously). The client 
software is currently implemented 
for the PC (DOS 5.0 or higher and 
Windows 3.1), and the Macintosh 
(System 7.0 or higher). 


Introduction 


With data applications, whenever 
a user makes a file access request to 
a server, or requests that data be 
transmitted on a network, the user 
expects a fast response—fast com- 
pared to the time it takes it to place 
the next request. As a result, the 
capacity of a server and the overall 
bandwidth must both be large com- 
pared to the average demand placed 
by a single user. The design of a file 
server aimed at supporting data 
applications and the design of a 
network to support data traffic have 
thus been based on the principle of 
bandwidth sharing and statistical 
time multiplexing. File servers have 
furthermore taken advantage of the 
property of locality in file access, 
and incorporated caching mecha- 
nisms well tuned to such access 
patterns. In all cases, as the overall 
load on the shared resources in- 
creased, the average response time 
experienced by all users also 
increased. 

A video signal is analog in nature 
and continuous over time. It is digi- 
tized by first sampling it at regular 
intervals, and then by quantizing 
each sample. This digitization process 
results in a data stream which is of 
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CRD-5000 RAID DISK ARRAY CONTROLLER 
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Build the best RAID. 


Why settle for less than the best? OEM's, Integrators, 
and Resellers world-wide are now proclaiming CMD’s 
CRD-5000 RAID 0, 3, and 5 controllers as the best solution 
for custom-designing their own family of high performance, 
high availability RAID subsystems. 

Whether your target market is low-cost Novell Servers, 
higher performance UNIX Workstation platforms, or 
midrange systems such as DEC VAX computers, CMD's 
CRD-5000 highly scalable architecture fits the bill. 
Most importantly, the CRD-5000 
assures you of driverless operating 
system compatibility across diverse 
platforms from Windows NT to 
HP/UX to AIX to VMS. 


CMD’s CRD-5000 incorporates world-class features 
that allow you to differentiate your RAID offerings from less 
sophisticated competitive solutions. Here are just a few to 
whet your appetite: high performance caching using indus- 
try standard SIMM's, support for multihosting, multi-rank 
ing, battery-backed write buffers, and a full line of CMD DEC 
and PC SCSI host adapters that support options like 
tag queuing, 

If you are planning to build your own RAID subsystems, 

make sure you start with the best foundation. 
For more information on the CRD-5000 or 
how to join CMD’s RAID Developer 
program, call today at 1-800-426-3832 


Vanderbilt, irvine, CA 92718 (R00)425- SER (71444-0800 FAX (714) 455- 1656 
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Fig 1 The transfer of video data between the disk array and the network takes place via 


the system memory 


relatively constant and very high 
rate; (for example, the digitization 
of a NTSC video results in data 
rates in the neighborhood of 100 
Mbps and an HDTV signal, 600 
Mbps.) However, given that the 
sampled data exhibits a great deal 
of redundancy, compression is 
applied, thus significantly reducing 
the stream’s rate. Depending on the 
bandwidth of the original analog 
signal, the sampling rate, the quan- 
tization step size, the encoding 
method, and the desired image 
quality, the resulting data rate for a 
digital video signal ranges from 64 
Kbps to tens of Mbps. Two impor- 
tant observations can be made: 

a) Despite compression, the volume 
of bits corresponding to a digitized 
video segment of useful duration is 
large. A ten minute MPEG video seg- 
ment requires over 100 Mbytes of 
storage; ten hours require over 5 
Gbytes. Thus, video servers where 
shared video information is to be 
stored must have relatively large 
storage capacity. 

b) In order to minimize the client's 
memory requirement and the laten- 
cy involved in accessing stored 
files, the transmission of digital 
video data between a server and a 
client is best done in a stream fash- 
ion, at the rate at which the data is 


consumed (in the case of playback) 
or generated (in the case of record- 
ing). In that case, video data must 
be delivered to the destination on 
time, and failure to deliver it on 
time would result in video quality 
degradation. This has two main 
implications: (i) from a network's 
point of view, one requires the 
availability, on a continuous basis, 
of a bandwidth at least equal to the 
signal's data rate; (ii) from a file and 
storage system point of view, one 
requires streaming capabilities 
which guarantee the continuity of 
each stream being retrieved or 
stored. In order to support multiple 
independent video signals, the net- 
work must have the necessary 
aggregate bandwidth as well as 
means to guarantee the bandwidth 
required for each video stream, and 
the file storage system must be of 
the streaming type and must have a 
capacity. Conversely, there is a max- 
imum number of video streams of a 
given data rate that a network and a 
server can support, and means must 
exist to prevent additional requests 
from overloading the system. 

The focus in this paper is on the 
design and operation of a storage 
system suitable for a video applica- 
tions server, where the physical 
storage needs are large, and where, 


when serving video streams, be it 
for recording or playback, it is 
imperative to maintain the continu- 
ity of the streams. In the case of 
playback, data must be retrieved 
from the storage medium, transmit- 
ted over the network, and made 
available to the decoder no later 
than the time at which it is needed 
so as to avoid letting the decoder 
run dry. In the case of recording, 
the writing of data on the storage 
medium must keep up with the rate 
at which it is getting produced so as 
to avoid buffer overflow and data 
loss. Of particular interest is the 
design and operation of a storage 
system which: 

(i) has the necessary throughput to 
support simultaneously a target 
number of users, 

(ii) provides simultaneous and inde- 
pendent access to shared files by 
users, and 

(iii) guarantees a start-up latency 
for new streams within a specified 
tolerable threshold. 

The first step in the design is 
clearly the choice of a storage medi- 
um. Given the above stated objec- 
tives, magnetic disk drives emerge 
as very appropriate for the purpose 
and are considered in this paper. 
Indeed, they provide random 
access read and write capabilities, 
are readily available, and are of rel- 
atively low cost. In order to provide 
the necessary storage capacity, 
and/or to achieve an aggregate 
throughput larger than that 
achieved with a single drive, multi- 
ple drives are used . 


Streaming RAID 


The transfer of video data 
between the disk array and the net- 
work takes place via the system 
memory (see Fig 1). Data is trans- 
mitted over the network in packets, 
the size of which is determined by 
the particular network in use (e.g., 
1500 bytes for Ethernet). Given the 
characteristics of magnetic disk 
drives and the overhead associated 
with an I/O transaction data is 
stored and retrieved on each disk in 
blocks which we refer to as seg- 
ments of size larger than that of a 
packet; as we shall see in the 
sequel, the block size is a design 
variable which is determined so as 
to meet a given desired perfor- 
mance (in terms of throughput and 
start-up latency). 
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JMR Electronics, Inesis the world’s largest 
Manufacturer of electroni¢ énelosures for computer 


peripheral devices. As you Will see in this catalog, we 
eutrently offer more than threé Hundred different 
models for almost any peripheral subsystem 
application. Our focus has always bec on supporting 
our ctistomers with high quality, 6n wie dehverWand a 
high tevel Of customer serVice. This philosophy has 
made JME one of the fastest growing smal! companies 
in America. 

It is JMS philosophy that Successful products 
begin ‘Withaueeessiul engineesing. The JMR design 








team figs more than 125 years of,gombined experience 
in eleetrical, mechanical, m and quality 
engineering. This skilled g iS Gteaicd all 
atmosphere where Total Quality Mamagement Degits af 
product inception. Frequent deSign reviews, codpled 
with a team engineering approach has increéase@am 
productivity, quality, reduced waste and shorf#ne@ 
manufacturing cycles. 

JMR has made a firm commitment to achieving ISG09 
9000 standards, bringing the highest quality 
manufacturing to enclosure products worldwide. (At 
the same time. we continue to upgrade by automaliigy 

















Computer Controlled Sheet Metal Stamping 
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assembly lines, sales, marketing and administration. In 
combination with our plastics manufacturing facility 
(also in Chatsworth) JMR now Maintains 125,000 
square feet of space 

We have concentrated on autoMation wherever 
possible to maximize our ability to produce consistent 
high quality enclosure products. Every step in the 
production of sheet metal parts that fequires precision 
is either computer enhanced (CNC) or fully controlled 
JMR’s production capacity and quality have now 
reached world class levels. We can now support 
production of over 5,000 finished turnkey enclosures 














Powder Painting 





per day. This volume allows us to quickly turnaround 
hundreds of designs thereby easily surpassing our 


overseas competitors. Below is a partial description of 
manufacturing equipment which is currently operating 
to produce the products shown in this catalog. 

Plastic Injection Mold Shop 


To support our products which use plastic front 
bezels, and our line of plastic enclosures, JMR 
maintains a state of the art plastics facility. Our eight 
Van Dorn and Aurburg injection mold machines can 
handle molds requiring up to 30 ounces of material at 


Mold Shop CNC’s 

















Paint Shop Five Stage Metal Washing 


up to 270 tons of pressure. Plastic parts afe assembled 
using sonic welding and adhesive processes. 

To further support our high volume customers, JMR 
also maintains a full service mold shop where we 
manufacture custom injection molds faster than any 
other known mold company. JMR has made molds in 
one week that would require months to complete at 
other mold companies. JMR has two Fadal CNC 
controlled milling machines, EDM machines and a 
staff of five full time skilled mold designers. With a 
production force of over twenty full time skilled 
craftsmen, JMR can produce plastic bezels for almost 


























any requirement. Because we manufacture the molds 

in house, JMR can dramatically cut the tooling cost and 

lead time usually associated with ¢ustom plastic parts. 
Metal Fabrication Shop 


JMB has tlifee AMADA King and one AMADA 
Queen CNC Turret Punch machines that transform 
steel and aluminum sheet metal into parts with cutouts 
for cofimectors, fasteners, switches, etc. These punches 
consist of @ m@ving arm that orients the sheet metal, 
and a turret with a variety of dies that punch the 
required shaped holes in the metal. The punches are 


housed in stations on revolving turréts which quickly 
Spin the correct die into position for éath punch. For a 
typical enclosure, each AMADA punch pr: will 
punch more than six precision shapes per second 

JMR has recently added a new revolutionary 
AMADA Robotic Bending brake. This one of a kind 
brake can be quickly programmed to bend the punched 
flat metal into almost any three dimensional shape 
The robot’s mechanical arm retrieves flat metalwork 
and uses it’s internal series of press brakes to bend the 
metal to exact tolerances. In a high volume 
manufacturing floor such as JMR’s, this piece of 
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machinery guarantees that the last part producedelifia 
production run is identical to the first withott Mie 
chance of human error. This reduces the numbef of 
inline inspectors and reduces the work load of the 
Quality assurance inspectors. 


JMR’s most recent (and most impressive) additien 
to the manufacturing facility is out new conveyorized 
automated paint center. This new equipment can apply 
water or powder based coatings fo more than 1500 
parts per hour, A variable temperature oven assures an 
attractive, durable finish. A sophisticated computer 
control center maintains 4 consistent texture from the 


first part to the last.. This one miflion dollar state of the 
art paint equipment allows us to run two high speed 
lines to paust powder coat and water based paint at the 
same tine. This new equipmient allows JMR to be the 
first to comply with the tough new 1995 environmental! 
standards of California. 
Wire Room 

JMR thas added a COMAX CNC witing harness 
manufacturing station capable of automatically 
assembling our internal DC power harnesses for our 
enclosures. This state of the art machine if the only 
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Main Assembly Lines 


machine of its type in the state @f(California. We have 
also added an automated on cable assembly 
machine which installs cOfnectors, tests for continuity 
and hypot before accepting the finished cable assembly, 
again improving productivity and quality. Completed 
assemblies produced in the cable room in this manner 
has been helpful in obtaining and maintaining agency 
certifications 


JMR Production Staff 


JMR has a completely automated MRP system 
which includes accounting and order entry. This 
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COMAX Automatic Power Cable Machine 





equipment makes JMR Electronics a premier 
manufacturer of peripheral enclosures, but the 
equipment is only half of the story. The metal 
enclosure, power supplies, cable assemblies, switches 
etc. all come together at our assembly center. The 
stockroom personnel kit parts via MRP generated work 
orders and issue parts to the distribution center where 
all kits are verified. The distribution center in turn 
issues verified kits to the assembly floor where an 
automated conveyor belt distributes the kits to the 


proper assembly team. The team leader at each line 


manages the assemblers, ensuring that every assembled 





o & 
r 
f 
$2 
Ke 
he 
& 
an 
o*< KX AD . 
x x XO 
s = xe x ° 7%. 
2 CON 
; ‘ 
r 


@nel@sure passes inline inspection as well as QA and 
Hypot testing. The team leaders are ultimately 
responsible for quality assurance for the assembled 
product. 


The assembled enclosures are then sent through 


another inspection by our Quality Assurance 
department to ensufe that proper procedures have been 
followed in the assembly process and that.the finished 
enclosures match the current engineering 
documentation. After QA inspection the units are 
delivered to packaging where they are given a final 
visual inspection, the covers are installed and the units 


Pree ware 


are packaged for shipment. JMR’s qwality processes 
have been certified to meet MIL-Q-45208 Standards by 
Lockheed Corporation and will soon comply fully with 
1SO-9000 standards. 

JMR’s staff of over 300 employees working in 
production, engineering, shipping, purchasing» sales 
and.administration all work together to-ensute thatodr 
customers achieve a high level of satisfaction with our 
products and our company. JMR (as of 1993) ships 
approximately 30,000 enclosures each month with as 
many as 800 different models and configurations, 
within budget and to exact customer requirements. 
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RAID 


ENCLOSURES 


JMR Electronics has the 
world’s most complete line of 
RAID enclosures. Virtually 
every situation where RAID 
devices are used is supported by 
a JMR enclosure designed to 
specifically fit that application 
Whether the need is for a RAID 
tower, rackmount, or 
combination RAID — PC, JMR 
Electronics has the solution. 

Our enclosures are designed 
to meet the needs of users 
requiring single or multiple N+1 
600 watt power supplies, or 
single smaller power supplies 
integrated into each canister (for 
each device), or combinations of 
the above. 

Currently there are more 
than a dozen models to choose 
from and we are constantly 
adding to our product line. The 
following is a sample of what 
JMR is currently offering for 
RAID drives in the 34" and 5" 
formats: 

RAID 10 

The RAID 10 has two N+1 
600 watt power supplies and ten 
hot swappable 5" full-height 


canisters. Designed to enclose 
ten drives, this 100 pound 
heavy-duty enclosure is sturdy, 
attractive, and mobile. A 
similarly designed five drive 
model is also available 


RAID 10/PS 
The RAID 10/PS encloses 


ten 5" full-height canisters that 


contain individual 65 watt 


power supplies. The data cables 


can be configured in various 
ways to suit specific 
applications. Space is provided 
for one or two 54%" RAID 
controllers inside the top of the 
enclosure 


RAID GN 
The RAID 6N has two N+] 
600 watt power supplies 
mounted 
inside the top 
of the 
enclosure 
Five 5” 
canisters can 
be swapped 
by turning off 
the canister 
power switch 
and pulling 
the canister forward, removing 
the data and power connections 
as the canister is removed 
RAID 5 PCPS 
The RAID 5 PCPS model 
has a 65 watt power supply 
mounted within each of the five 


canisters. Each canister has an 
LED drive ID display. Space is 
provided for a 5%" RAID 
controller and a PC to run as a 
file server or other 
configuration 
MINI RAID 
10ON+1 
The MINI RAID ION+1 
encloses ten 34" drives. It has 
two N+1 600 watt power 
supplies mounted inside the top 


of the enclosure. Space is 
provided for two 5%" RAID 
controllers inside the top of the 
enclosure 


MINI RAID 
10/TPS 


The MINI RAID 10/TPS 
encloses ten 3%" drives. Each 
canister has a 
60 watt 
power 
supply, fan, 
drive 
activity 
LED 
display, and 
on/ott power 
supply switch. Space is 
provided for a 5%" RAID 
controller inside the top of the 
enclosure 


MINI RAID RACK 


SPS 
The MINI RAID RACK 
SPS is a rackmountable RAID 
enclosure. The enclosure comes 
complete with five removable 
34" canisters and space is 
provided for a 54" RAID 


controller. Each canister has its 


va 


own 60 watt power supply 
power on and drive activity 
LED, quiet fan, and on/off 
switch 


OTHER MODELS 

Currently, JMR offers seven 
other models of RAID 
enclosures designed to meet the 
requirements of different 
applications. If you don’t see a 
model that suits your particular 
needs, it may be too new to be 
listed in this product guide 
Additionally, JMR introduces 
new products every week 
Please contact you local JMR 
sales representative to discuss 
your specific application 
requirements 

JMR also offers complete 
customization capabilities. We 
pride ourselves in our ability to 
modify a stock enclosure to suit 
a customer's needs, as well as 
our ability to build an enclosure 
from the ground up” in order to 
meet the most demanding 
specifications. This goes for the 
rest of JMR's products as well 

We pride ourselves in our 
ability to manufacture 
enclosures to the highest 
quality, competitively priced 
and in a timely fashion 


JMR 
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TOWER FAMILY OF ENCLOSURES 


The Tower Family of enclo- 
sures is truly JMR’s main line. 
Currently there are 23 basic 
models, from which there are 
virtually hundreds of possible 
variations. 


The Tower Family consists 
of models for 54" full-height 
and half-height form factors, as 
well as 34" standard and |" 
height form factors. There are 
models to house from one to 
four devices. 


Models in this family share 
some basic characteristics: 

All models start with a 
heavy gauge steel chassis and 
outer cover. They are available 
with open front bezels for 
devices which require access for 
removable media, or with 
optional, attractively styled 
filler panels for devices not 
requiring access 


All models come complete 
with power supplies, cooling 
fans, SCSI address select 
switches, and necessary cabling 

Some popular models in the 
Tower Family include: 

The Chico Tower, which 


encloses one 34" standard 
height storage device. This 
compact design offers a small 
footprint for the desktop 

The Cube, which is designed 
for a single 3/4" standard height 
storage device vertically mount- 
ed to provide the smallest foot- 
print possible. 

The Micro-Mini Tower, 
which houses two 34" devices 
One device is a standard height 
and the other is a miniature (one 
inch high) device. 


Four Plex 


The Pico Tower, which 
encloses two 3" standard 
height storage devices, mounted 
one on top of the other, main- 
taining a small (less than 6" by 
9") foot print. 

The Pico-Plex Tower, which 
is designed to accommodate 


four 34" standard height 
devices. If required, access is 
available to the front two of the 
four drives. The drives are 
mounted two high and two deep 
in this enclosure, which 
measures less than 6" wide by 
15" deep 

The Tri Tower, which is 
designed to house three 34" 
standard height devices. These 
drives are mounted three high, 
which allows them to fit into a 
5%" wide by 10/4" deep 
footprint. 


The Pisa Tower, which is 
designed to enclose four 34" 
devices mounted four high, 
giving this tower the same 
footprint as the Tri Tower. 

The Nano Tower, which is 
designed for a single, miniature 
(one inch high) 34" form factor 
device. 

The Vertical Nano Tower, 
which is designed to meet the 
requirements of users wanting 
to add a miniature (one inch 
high) 34" form factor device to 
their desktop, and maintain the 
smallest footprint possible. 


Chico Tower 


The Bi-Nano Tower, which 
is designed to house two 
miniature (one inch high) 3 
drives in a footprint measuring 
only 54" wide by 8%" deep. 

The Medio Tower, which 
encloses a single 54" half-height 
device and fits into a footprint 
only 74" wide by 10” deep. 


The Mesa Tower, which is 
designed for one 54" full-height 
device or two 54" half-height 
devices 


The Micro Tower, which 
has a smaller footprint than the 
Mesa Tower, yet also encloses 
one 5" full-height device or 
two 54" half-height devices 

The Uno Tower, which is 
designed to meet the needs of 
users wanting to add a single 
5%" full-height or two 5%" half- 
height devices to their desktop 
This enclosure mounts the 
drive(s) vertically, giving the 
smallest footprint possible. 


Cube Closed 


The Mini Tower, which is 
designed to house one 5” full- 
height and one half-height or 
three 5%" half-height devices in 
a footprint less than 8" wide by 
12" deep. 

The Mid Tower, which is 
designed to enclose two 5/4" 
full-height devices, or up to four 
half-height devices (substituting 
two half-heights for each full- 
height device). 

The Four Plex, which is 
designed to meet the needs of 
users needing up to four full- 
height 54" devices or up to eight 
half-height devices (substituting 
two half-heights for each full- 
height device) 





PLEX FAMILY 
OF ENCLOSURES 


The Plex Family of enclo- 
bures currently consists of nine 
different models which store 
rom four to eight devices. This 
amily is distinguished from our 
other enclosures because of the 
eavy-duty design, large power 
upplies and device accessibili- 
y. 


These rugged enclosures 
feature heavy gauge steel chas- 
is and covers. With the excep- 
ion of the Max Tower, all Plex 


Family enclosures have remov- 


able front panels. The Max 
ower has a front door, instead. 
In either event, the front panels 
or doors have air vents which 
llow the powerful fans to cir- 
Sulate air and efficiently cool 
he enclosed devices. 


Side doors 
are standard 
on all enclo- 
sures except 
the Max 
Tower. These 
doors provide 
easy access to 
the cabling 
and rear of 
each storage 
device. 

The Plex 

Family consists of 
four models for 3/4" full-height 
form factors and five models for 
5%” full-height form factors. 
These devices mount on trays, 
which provide easy removal and 
replacement of the storage 
devices. 

Front 
openings 
can be pro- 
vided for 
easy access 
for remov- 
able media 
devices, and 
attractive, 
vented bezels 
are for devices 
which do not 
require front 
access. 

The 5%" models house from 
four to eight full-height devices. 
Two mounting trays may be 
substituted in place of one full- 

height tray to per- 
mit two 
half- 


instead 
of one 
full- 
height 
device. 

All enclosures come com- 
plete with power supplies, cool- 
ing fans, SCSI address select 
switches, and interconnecting 
cabling. 


REMOVABLE 
FAMILY 


OF ENCLOSURES 


mounts a standard height 3 


drive into any 5" half 
height mounting slot 

The 5%" “Disc Pac” 
models consist of a table 
top canister and receiver, a 
dual table top model, and a 


JMR’s Removable Family 
of enclosures consist of twelve 
models. These devices are ideal 
for users concerned about file or 


dual rackmount model 
Each model is capable of 
enclosing 5%" full-height 
form factor devices 

In addition to these 
standard removable enclo 
sures, JMR offers two 2%" 


enclosures, one is the “Pocket 
Pac” for 


software sec and w 0 
oftware security, and wish t Macintosh 


place an entire drive into a safe 
or other locked environment, or 
simply wish to transport files 
the easiest way possible. All 
enclosures in this family pro- 
vide shock mounted transporta 
tion of storage devices 


ore, 


Computers, the other is the 
“Battery Pac” for general trans 
portability for most computers 
The “Battery Pac” is complete 
ly self-contained 

Most models in this family 
include power supplies, quiet 
cooling fans, SCSI select 
address switches, and cabling 

These small, state-of-the-art 
enclosures are ideal for trans 
porting data from computer to 
computer, and their small size 
easily allows them to be carried 
in a briefcase 


=e 
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There are four “Disc Pac” 
models 

The Disc Pac 34" model is a 
rugged 5%" form factor receiver 
and canister model which 





PLASTIC FAMILY 
OF ENCLOSURES 


The 
Plastic 
Family of 
enclosures 
is con- 
structed 
with a 
heavy 
gauge steel 
chassis, 
enclosed by a mold- 
ed slide-on cover. 

Each model of this family 
comes complete with a power 
supply, cooling fan, SCSI 
address switch, and internal data 
cables. 

Different models in this 
family support 24", 34", and 
5%" form factors. The 5%" mod- 
els support both half-height and 


full-height devices. The 2 

form factor model is designed 
specifically for Macintosh com- 
puters that require a great deal 
of transportability 

CD ROM FAMILY 
OF ENCLOSURES 


The CD ROM Family of 
enclosures consist of eight basic 
models which enclose from one 
to eight 54" half-height CD 
ROMs 
Models include 

The Mac Zero Low Profile 
Open, which 
has a heavy 
gauge metal 
cover 
and 


chassis, and is designed for one 
half-height 54" CD ROM. 

The CD40 through CD80 
series, which enclose from four 
to eight half-height devices. 

The Info Tower 5 and Info 
Tower 7, which have attractive, 
lockable front doors for securi- 
ty. 

All models in this family are 
equipped with power supplies, 
cooling fans, SCSI address 
switches, and internal data 
cables. 


ZERO FOOTPRINT 
FAMILY OF 
ENCLOSURES 

Designed for either 3/4" stan- 
dard height, or 54" half-height 
or full-height devices, the Zero 
Footprint Family models are an 
attractive addition to any desk- 
top. Like most of JMR’s prod- 
ucts, these models are 
completely turnkey, in that they 
come with power supplies, cool- 
ing fans, SCSI address switches, 
and data cables. 


WORKSTATION 
ENCLOSURES 


All models in the 
Workstation product line are 
constructed from heavy gauge 
steel chassis and coverings. 
There are models designed for 
34" standard-height or 5/4" half- 
height or full-height form fac- 
tors 

Open or closed front bezels 


are available to suit the user’s 
requirements. All models are 
complete with power supplies, 
cooling fans, SCSI address 
switches, and internal data 
cables 
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RACKMOUNT 
ENCLOSURES 
JMR has thirteen basic mod- 
els of Rackmount enclosures 
(not including Removable Drive 
Rackmounts or Industrial PC 
Rackmounts). These models are 


designed specifically for two or 
more half-height or full-height 
devices; most models are avail- 
able with either 

open or 

closed 

front 

bezels. All 

models 

are 

extremely 

durable and 

rugged in design and are com- 
plete with rugged slide rails, 
power supplies, cooling fans, 
SCSI address switches, and data 


cables. 


Metal 5 
Filler Panel 


OTHER 
ENCLOSURES AND 
ACCESSORIES 

JMR has a complete line of 
miscellaneous enclosures 
designed for various needs from 


floppy drives to removable 
media storage devices. 
Additionally, cables, termina- 
tors, mounting brackets and 
filler panels are available to 
meet just about any possible 
requirement 


If you don’t see the enclo- 
sure you need, please contact 
your JMR representative for fur- 
ther information on our products § 


and accessories. 

In all probability, JMR has 
what you need, or will design 
and build it for you. 


Highest Quality 
Since 1982 
American Made 
On Time Delivery 
Priced Right 
Over 1,000,000 Soild 


JMR 
Electronics 
Inc. 


CONTACT YOUR JMR REPRESENTATIVE OR DISTRIBUTOR TODAY 


Corporate Headquarters 


Northern California 


East Coast Office 
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United Kinedom Office 


| Harbour Place. Suite 105 


Unit 9, Chiltern Enterprise ( 
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JMR 
Electronics 


ill IVC. 


OVER 300 


STANDARD ENCLOSURE MODELS 


Steel, Plastic, Steel & Plastic Combinations 
Turnkey or Completely Customized 


YOUR BEST SOURCE 
FOR PERIPHERAL ENCLOSURES 
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Given that the focus in this paper 
is on the design of the storage man- 
agement system, we ignore any net- 
work effect (delay or loss), and thus 
assume that the video data is pro- 
duced (in case of recording) or con- 
sumed (in case of play-back) local- 
ly. We also consider in this paper 
that the data rate for a stream is 
constant and is the same for all 
streams; we denote the stream’s 
data rate by W. For ease of imple- 
mentation, we also consider the 


Disk STORAGE 


RAID 


these I/O operations. Since the time 
it takes to perform a certain num- 
ber of I/O's is a direct function of 
the segment size S, the physical 
location on the disk of the various 
segments that are needed, and the 
1/O overhead incurred in each 1/O 
transaction, N, is also dependent 
on these factors. 

In order to maximize Ng, it is 
important to minimize the effect of 
1/O overhead. Little can be done 
about the rotational latencies since 


cerned, and achieve with the Ny 
disks the N,-fold increase in perfor- 
mance independently of the file 
access pattern, it is important that 
the load on all disks be the same at 
all times (i.e., it is important to 
guarantee that, in each cycle, an 
equal number of I/O’s are requested 
from each disk, no matter what the 
file access pattern is.) A simple way 
to accomplish this is to consider 
the Nq disks to form an array, and 
to stripe the video files across all 









































system to operate with segments of 
a fixed size , and denote the seg- 
ment size by S. The primary interest 
is to devise a disk access algorithm 
which maximizes the number of 
streams, N, , that can be supported 
simultaneously, given the available 
memory size and a desired start-up 
latency. Conversely, we are interest- 
ed in determining the required 
resources (namely, the number of 
disks and the size of system memo- 
ry) in order to support a given num- 
ber of streams. (Without loss of 
generality, we consider only the 
case of play-back.) 

Consider first the case of a single 
disk drive. The simple fact that 
there has to be one I/O transaction 
per stream every S/W seconds 
implies that, whea the system is 
serving the maximum number of 
streams, it has to operate in a cyclic 
(periodic) fashion, such that the 
length of a cycle is equal to S/W sec- 
onds, and in each cycle there is one 
and only one I/O transaction per 
stream. Thus, the number of 
streams which can be supported 
simultaneously (Ng) is determined 
by the number of I/O operations 
which can be performed during a 
cycle, and is maximized by minimiz- 
ing the time it takes to perform 
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Fig 2 The consumption of segments for 
all streams is time-aligned; the segments 
to be consumed in a cycle are fetched in 
the preceding cycie 


the access pattern to video data 
from the users is unpredictable. 
The overhead due to the seek 
times, on the other hand, can be 
decreased by pooling together sev- 
eral I/O transactions, and by per- 
forming them in an order which cor- 
responds to their locations on the 
disk; (this method is well known 
and is commonly referred to as the 
elevator scheme). To apply this 
method to our situation, we operate 
the system in a gated fashion, 
whereby the consumption of seg- 
ments for all streams are time- 
aligned, and whereby the segments 
to be consumed in a cycle are 
fetched in the preceding cycle. (Fig 
2.)In order to support more streams 
than possible with a single disk, 
multiple disks are used. Let Nq 
denote the number of disks. In 
order to achieve the same good per- 
formance per disk as for the single 
disk case, we operate each disk in 
the gated fashion described above 
The question then arises as to how to 
allocate the video files to the disks 
To remove any restriction on the 
users as far as file access is con- 


disks; that is, we consider the seg 
ments in a file to be grouped into 
data stripes of Nq consecutive seg- 
ments each, to consider segment 
bins in corresponding locations on 
all disks to constitute bin stripes of 
Ng bins each, and to allocate data 
stripes to bin stripes the same way 
segments of data are allocated to 
segment bins in a single disk. The 
length of a cycle becomes now 
NqS/W seconds, and in each cycle 
Nq segments are fetched for each 
stream, one segment from each 
disk, (thus guaranteeing that all 
disks are accessed equally) (Fig 3) 
The maximum number of streams 
that can be supported by a disk 
array of Nq disks is the number of 

I/O transactions that can be sup- 
ported by each disk during a cycle 
of length NqS/W seconds. Similarly 
to the case of a single disk, the deter- 
mination of this number may only be 
determined subject to a bound € on 
the probability that any one stream 
experiences a discontinuity 


Memory Requirement 


The data fetched from the disks 
is stored in memory until it is con- 
sumed. We examine in this section 
the memory requirement M that is 
needed for the operation described 
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above, under the assumption that 
segments are consumed continu- 
ously at the rate of one segment 
every S/W seconds. M is function of 
the method used to allocate the 
memory to the various streams; 
several methods are considered 
here, leading to different memory 
requirements. 

The first method is referred to as 
Complete Partitioning whereby the 
memory is partitioned into separate 
regions, one for each stream. Given 
the gated operation described 
above (in which the consumption of 
stripes by all streams are time- 
aligned), every stream has Ng seg- 
ments that are ready to be con- 
sumed at the beginning of each 
cycle and Ng requests that are out- 
standing. Since the order in which 
the I/O’s are performed is not 
known a priori, and it is possible for 
all segments requested from the 
disks for a given stream to be trans- 
ferred at the same time, Nq buffers 
have to be allocated to each stream 
for the requests placed at the begin- 
ning of the I/O cycle; thus 2Nq seg- 
ment buffers are needed per 























Fig 3 in each cycle Nd segments are 
fetched for each stream, one segment 
from each disk, guaranteeing that all 
disks are accessed equally. 


stream, leading to a total memory 
size requirement given by 
M=2N,NqS 

The second method is referred to 
as Memory Sharing; it leads to a 
decrease in the required number of 


buffers by allowing the buffers to be 
shared among the streams. Further 
decrease in M may be achieved at 
the expense of added complexity 
(and possibly some performance 
degradation). The idea is to divide 
the streams into several groups, say 
G, and divide the I/O cycle into G 
subcycles, one for each group. 
Service is still gated, and within 
each subcycle, the corresponding 
I/O transactions are sorted so as to 
minimize the seek overhead. The 
consumption cycles for the various 
groups, however, are offset with 
respect to each other by a subcycle 
so that the maximum memory 
requirement for a group, which cor- 
responds to the beginning of the 
consumption cycle for that group, 
does not coincide with that of other 
groups, thus decreasing the total 
memory requirement. The possibili- 
ty of degradation in performance is 
due to the fact that, with a smaller 
number of I/O transactions per sub- 
cycle, the savings in overhead due 
to sorting the I/O requests is not as 
high as with the single group case. 
It is clear from the above discus- 
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Why wander around the great Integration Deserty 
Integra OASAS RAID Software ready to use wi 
simply connect your favorite drives and 
integration is complete in minutes. 

Integra OASAS RAID software has been 
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sion that M is function of the num- 
ber of streams supported, the num- 
ber of disks in the array, and the 
segment size; the larger any one of 
these parameters is, the larger M is. 


Start-Up Latency 


Start-up latency is the time 
elapsed since a request to initiate a 
new stream is made until the stream 
may begin to consume its data. Two 
factors contribute to this latency. 
First, a stream requires a certain 
amount of data to be made available 
before it is able to begin data con- 
sumption; (we refer to this data as 
the start-up data.) Secondly, once 
the start-up data has been 
retrieved, a stream has to wait for 
the beginning of its next cycle 
before it can begin consuming its 
start-up data; (recall that in the 
gated mode of operation, all 
streams have their consumption 
cycles time-aligned). 

The start-up latency incurred by 
a new stream is dependent on many 
factors; namely, 

@the amount of start-up data need- 
ed for that stream; 

@the number of streams that are 
active at the time of request, as this 
directly affects the available disk 
access capacity at the time of 
arrival; 

@the number of streams which are 
in the start-up phase at the time of 
request, and the amount of residual 
start-up data for each, 

@the number of new streams which 
arrive during the start-up period of 
the tagged stream, and possibly the 
arrival process according to which 
these streams arrive, 

@the service discipline according to 
which the new streams are served, 
@the scheduling discipline accord- 
ing to which active stream |/O’s and 
new stream I/O's are scheduled in a 
cycle. 

Clearly, the assessment of the 
start-up latency is a complex task. 
For the purpose of this paper, suf- 
fice it to say that one main indica- 
tive factor of latency is the cycle 
length, since the longer the cycle 
length is, the longer a stream will 
have to wait to get its start-up data 
and start playback. 


Numerical Results 


In Fig 4, we plot the maximum 
number of streams as a function of 
the segment size for various num- 
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Fig 4 The maximum number of streams 
can be plotted as a function of the seg 
ment size for various number of disks in 
the array. 


ber of disks in the array. We note 
that the number of streams increas- 
es with the segment size, since as 
the segment size increases, the 
overhead per I/O transaction gets 
amortized over a larger transfer 
time. However the increase levels 
off as the segment size gets large 
and reaches asymptotically the disk 
throughput limitation. 

Keeping the segment size fixed, 
the number of streams that can be 
supported increases with the num- 
ber of disks in the array. The 
increase is slightly more than linear 














SEGMENT SIZE IN SECTORS (512 BYTES) 











Fig 5 As far as the number of streams is 
concerned, when S is small it is the disk 
performance that is the limiting factor; as 
S increased, memory size becomes the 
limitation. 


with Ng owing to the fact that with 
the larger number of I/O transac- 
tions per cycle, a higher degree of 
statistical averaging is attained. We 
note, however, that the increase in 
the number of streams comes at the 
expense of an increase in both the 
cycle length and the buffer require- 
ment. 

It is possible to maintain the 
cycle length the same if the seg- 
ment size is decreased so as to 
maintain the stripe sizeN,4S con- 
stant. We plot in Fig 4 the constant 
stripe contours; moving along one 
such contour, one sees that the 
increase in the number of streams 
for a given increase in the number 
of disks is not as large as the 
increase in the number of streams 
maintaining the segment size the 
same. Thus there is a penalty for 
having to maintain the cycle length 
the same. 

We now address the memory 
requirement M. Since M depends on 
Ng, M must be plotted for each 
value of Nq separately. In Fig 5 we 
plot Ns and constant M contours 
versus S for the case Nd=8. We note 
that as far as the number of streams 
is concerned, when S is small, it is 
the disk performance that is the 
limiting factor, and as S increases, it 
is the memory size which becomes 
the limiting factor. Given Ng and a 
memory size, the maximum number 
of streams that can be supported 
by the system is given when the 
optimum segment size is selected, 
at the intersection of the N, curve 
and the constant M contour.@ 
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Block Flash File Systems 
Deliver Mass Storage For 
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by Amir Friedman 
M-Systems Flash Disk 
Pioneers 


Mobile Computing 


By emulating a disk at the sector level, 
Block FFS makes flash memory an ideal 
solution for mobile mass storage 


lash memory’s 
advantages of high 
capacity, non-volatil- 
ity without battery, 
and low power oper- 
ation go hand-in- 
hand with its inher- 
ent disadvantages of 
relatively high price and device 
write limitations. But, there are 
solutions available. 


Is It A Disk Or Not? 


A Flash Disk consists of hardware 
and software that emulates a rotating 
magnetic disk using flash memory 
solid-state technology. For full com- 
patibility with software applications 
and utilities such as compression 
and disk utilities, disk emulation 
must be done at the lowest level 
possible, the sector level. 

PCMCIA flash memory Cards are 
common, but it is only when they 
are integrated with the necessary 
Block Flash File System (Block FFS) 
that they become Flash Disks. There 
are several approaches to Block 
FFS; the TrueFFS system developed 
by M-Systems illustrates one way to 
adapt flash memory to the needs of 
the removable storage market. 


Market Acceptance 


Two things must happen to 
ensure Flash technology's acceptance 
in the PCMCIA market. The first is 
lower prices, and the second is 
plug-and-play capability across 
PCMCIA platforms. 

Price reduction is a Catch-22 
dilemma: it requires high volume 
(i.e. market acceptance), but market 
acceptance requires low price. 
Another leverage point is needed, 
which is offered by embedded 
systems, a large market where 
flash memory is gaining ground as 


an EPROM, EEPROM or even SRAM 
replacement. Using the same type 
of flash memory technology that is 
targeted at the mature embedded 
market the PCMCIA market can 
achieve the high volume needed to 
overcome the Catch-22. 

Price also depends on the number 
of sources producing flash memory, 
so PCMCIA Flash Disks should be 
able to incorporate flash memory 
devices from as many manufacturers 
as possible. For this to become a 
reality, any Block FFS software must 
support all types of flash memory 
architectures and manufacturers. 

The second issue involved in 
market acceptance is plug-and-play 
capability. Standardization plays an 
important role here, and PCMCIA is 
the organization responsible for 
standards in this environment. 
One of the more important issues 
when standardizing a storage solu- 
tion is the data format placed on 
the medium. M-Systems has pro- 
posed the TrueFFS data format to 
the PCMCIA committee for stan- 
dardization. 

This underlying data format is 
compatible with any flash memory 
technology available today, and 
will be compatible with any future 
developments of flash memory 
technology. This is a very important 
characteristic of any standard, for 
no flash memory chip manufacturer 
should gain an unfair advantage 
over another through a standardizing 
process. 


Block Flash File System 


Block Flash File System is a term 
used to describe flash memory man- 
agement software that performs the 
task of fully emulating a random- 
access read/write block storage 
device to the host system. 

A file system is a method of orga- 





ou've probably already heard a lot 
about PCMCIA but did you know 
that you can take advantage of 
this new and exciting technology on your 
very own desktop PC? Introducing 
SCM’s SwapBox family of 
PCMCIA desktop card 
drives—the industry's 
first PCMCIA Rev. 
2.X card drives 
made with the 
desktop com- 
puter user in 
mind 


The SwapBox provides 
a full-function peripheral 
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socket which will allow you to plug in 
and use NOT ONLY standard memory 
cards, BUT ALSO fax/modems, LAN 
adapters, and many many more PCMCIA 
cards. For many, the SwapBox offers the 
ultimate “bridge” between your desktop 
PC and any PCMCIA equipped portable 
computer, allowing you to share the 
wide variety of function cards available. 
You not only save on the cost of periph- 
erals, but you secure your current desk- 
top purchase by linking to the new 
world of PCMCIA. 


With SwapBox’s user-friendly software 
and high-performance hardware, the 
desktop computer user can take full 


IN EUROPE 
SCM Microsystems Gmbh 
Fraunhoferstrafe | 1a 

82152 Martinsried, Germany 

Phone +4989 859-8702 © Fax +4989 859-5806 
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advantage of all the intrinsic features and 
functions that PCMCIA offers: Small 
form factor peripherals * Ability to easily 
share peripherals between platforms 
*Removable data storage providing ideal 
security *Portable technology that's 
rugged and reliable * Access to hundreds 
of multi-function PC Card solutions 


SCM offers an extensive line of both 
internal and external solutions to accom- 
modate many different desktop environ- 
ments. Give your SCM sales representa- 
tive a call today to learn more about the 
advantages of PCMCIA and the many 
options available to you. Call Today at 
(408) 395-9292 


[scm ) 


MICROSYSTEMS 


©1994 SCM Macrosystems, inc SwapBox 1s 0 trodemork of SCM Microsystems, inc All other trademorks are the property of thew respectve holders 





nizing data on mass-storage devices 
into files and directories, and of 
then accessing such data. It is usu- 
ally an integral part of an operating 
system, independent of storage 
device type. It will work on fixed 
disks, floppy disks, tapes, optical 
disks, etc. The file system makes 
one assumption on the device it is 
working with — that it is a random- 
access block device. 

Why is it that the standard file 
system of an operating system can- 
not be used to manage flash memo- 
ry-based media? Simply because 
flash memory is not a random- 
access device: it can be randomly 
read, but not written. In addition, 
flash memory erase block sizes 
often do not match the sector size 
associated with disks. 

The first issue is making the 
Flash Disk appear as a contiguous 
array of fixed-size sectors that can 
be accessed by the standard file 
system of the host computer. Since 
the physical flash devices cannot be 
randomly write-accessed, the Block 
Flash File System must create a vir- 
tual array of fixed-size sectors that 
is presented to the host computer 
as a random-access array of sec- 
tors. The host can freely read and 
write to any sector it chooses with- 
out any limitations. 

After creating this virtual array of 
sectors, the Block FFS must keep 
track of the association between 
the virtual sectors and the physical 
sectors. This association is called the 
virtual to physical mapping (Fig 1). A 
sector number in the virtual array 
does not necessarily coincide with 
the same sector number in the 
physical array; the Block FFS is 
responsible for keeping track of 
which virtual sector is located in a 
specific physical sector. 


Garbage Collection 


This mapping scheme is neces- 
sary because a given location in 
flash memory must be erased 
before it is rewritten. Because of 
the mismatch between flash memo- 
ry and disk sector sizes, a sector 
cannot be erased and rewritten 
without affecting other sectors 
around it, so the Flash File System 
can only update a sector by writing 
it elsewhere, making a note that the 
virtual sector's location has 
changed. Therefore, at any time, 
flash memory space can be divided 


Disk STORAGE 


PCMCIA 














Fig 1 A Block FFS system must map the 
association between the virtual sectors 
and the physical sectors, since a sector 
number in the virtual array does not nec 
essarily coincide with the same sector 
number in the physical array 


into three types: 
@Space where valid data is stored 
@Free space 
@Unusable or “garbage” space 

Free space is depleted as file sys- 
tem operations (copy, delete, 
rename, etc.) are performed, so 
eventually garbage collection—con- 
verting garbage space into free 
space—must be performed. 





(1) SECTOR TOBE 


“oT 
























































Fig 2 Since free space is depleted as file 
system operations are performed 
garbage collection must be used to covert 
unusable space into free space 


The Block FFS always has a spare 
area set aside for the garbage col- 
lection process. This area is called 
a “transfer” unit. 

The garbage collection process 
follows the following steps (Fig 2): 
1. Copy the valid data from the sec- 
tor to be erased to the transfer unit. 
2. Erase the sector. 

3. Rename the newly erased sector 
as the new transfer unit. 

The net effect of garbage collec- 
tion is to convert all garbage space 
on the selected sector into free 
space. Now the Block FFS has new 
free space it can work with and it 
can write more data, until it again 
runs out of free space. At that point, 
the garbage collection cycle begins 
again. 


File-Level Flash File System 


Another solution is a file-level 
Flash File System. This emulates a 
disk at the file level, unlike the Block 
FFS which emulates at the sector or 
block level. While the Block FFS works 
in conjunction with the operating 
system's file system, the file-level 
FFS replaces it. Files are stored on 
the flash media in a linked-list for- 
mat, whereby each record points to 
the next record in the file. This type 
of FFS is implemented in Microsoft's 
FFS-2 product. 


ATA vs. Block FFS 


There are two types of PCMCIA 
Flash Disks, ones based on ATA 
(AT-Attachment, or IDE) interface, 
and Linear Flash Cards used in con- 
junction with a Block FFS. The ATA 
Flash is a hardware implementation 
of the function performed by the 
Block FFS in software. An operating 
system views the ATA Flash similar 
to an IDE disk drive. 

Fig 3 shows the hardware and 
software architecture associated 
with each approach. Functionally, 
both approaches emulate a disk 
drive at the sector or block level, 
and both hardware solutions reside 
similarly under their appropriate 
device driver. 

The Table shows some of the dif- 
fer-ences between the two 
approaches. 

Both solutions are viable PCMCIA 
storage solutions, but the Block 
FFS-based Flash Disk has the advan- 
tage of operating at times not as a 
disk drive, but as a memory device 
This enables it to execute programs 
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SINCE 1988, cpu performance 
gains have out paced those of conven- 
tional rotating disks more than ten to one. 
So, unless you're already using MegaRam 
solid-state disks (SSD), your storage 
strategy isn't keeping up with the times. 


MegaRam SSD offers the performance 

you need to take advantage of today’s 

fastest processors 

@ 1/8th Millisecond Access 

© Data Transfer Rates Up To 20 MBytes 
Per Second 

© Multi-Porting 

© Complete Disk and Battery Backup 
Options 

e Redundant Power Supplies 

Since 1978 we've been busy developing 

the most full-featured, cost-effective sys- 

tems available. Today, there are thousands 

of MegaRam systems installed worldwide. 

We offer solid-state disk configurations 

for almost al! CPU's 


Now, while we didn't write the book on 
speed, we do have an enlightening 
brochure on the fastest solid-state disks 
available and how they fit into your data 
storage strategy. Simply call us toll-free 
and we'll rush you a copy 


800-45 1-0666 aang with 


IMPERIAL ser 


ea 32MB or 64MB each 

> t gimperial Technology, Inc Up to 320MB of solid- 

_ oe state storage fits into 
- ons ti ~~ in a 5-1/4" form factor 
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Fig 3 The hardware and software architec- 


tures of both ATA and Linear Flash Card- 

based flash disks emulate a disk drive at 
the sector or block level and reside simi- 
larly under their device driver. 


directly off the card without having 
to initially load them into the com- 
puter’s memory. TrueFFS and XIP 
partitions can coexist on the same 
card. The added cost of the ATA 
Flash Disk at the low capacity range 


is due to the microcontroller 
required to emulate the ATA inter- 
face. At the high capacities, the cost 
of this controller is offset by the 
cost of the Flash devices. 


MobileMax Flash Disk 


Maxtor’s MobileMax Flash Disk 
illustrates the advantages of Block 
FFS-based Flash Disk technology. It 
incorporates M-Systems’ TrueFFS 
software and hardware in the form 
of a PCMCIA Flash Card with plug- 
and-play capability on many PCM- 
CIA platforms. The MobileMax Flash 
Disk will operate on systems that 
are either PCMCIA 





Card Services or 





Save a fortune in computer and manpower 
eyon time. Introducing Storage Computer Corp's 
R | D RAID 7™ data storage subsystem 


state disk performance using commodity SCS! disk drives. 


RAID 7 is a quantum leap beyond lower level 
RAID implementations that provides virtual solid 


RAID 7 shatters /O bottlenecks with storage power that can double, triple 


or even quadruple the application performance of your 

existing CPUs. RAID 7 provides scalabie fault to Fa U It 
about losing data. And RAID 7's open stan 

dards based architecture lets you expand Tolerant 


capacity at the lowest cost per megabyte 


tolerance, which means you ll never worry 


Indeed, RAID 7 is a remarkable storage breakthrough that lets you 


share your disk investments across different platforms from DEC. IBM, SUN 


HP, NCR and others. 


Virtual Solid State-~<=-= 
Disk Storage ===" 


For more information on how you can get the benefit of solid state 


investrnent, RAID 7 


moves with you 


performance at 1/25th the cost, call us today at 603-880-3005 or fax 
603-889-7232 


Authorized VARS and Integrators 
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Socket Services soft- 
ware compatible. In 
the event neither 
Card Services nor 
Socket Services are 
installed in the com- 
puter, the Flash Disk 
will automatically 
install the correct 
Socket Services soft- 
ware needed. 

The MobileMax 
Flash Disk has built- 
in enhancements to 
target the mobile 
hand-held computer 
market. Even though 
flash devices requir- 
ing 12 volts are used 
in the product, an 
on-board DC to DC 
converter is auto- 
matically enabled 
when the Flash Disk 
is plugged into a 5 
volt-only computer 
This enables the 
Mobile-Max Flash 
Disk to perform read 
as well as write 
operations on 5 volt- 


only computers, where a standard 
PCMCIA Flash Card using 12 volt 
flash devices is capable of read 
only. 

Enhanced Address Generation 
for those hand-helds having a limit- 
ed addressing capability is also 
built into the MobileMax Flash Disk. 
For example, if an HP-95LX is limit- 
ed to only 2 Mbytes of address 
space (i.e. SRAM cards), paging 
techniques are used in the 
MobileMax product to enable 
access to the maximum allowable 
PCMCIA storage capacity (64 
Mbytes). 

Another function which greatly 
enhances performance and power 
savings, is the capability to inter- 
leave as little, or as many flash 
devices as required. Hardware 
interleaving, in this case, is a 
method of accessing several flash 
devices at once, thereby increasing 
data throughput. Interleaving pre- 
sents a trade-off between perfor- 
mance and power savings. If quick 
access to data is important, the 
interleaving can be set to access 
several flash devices at once (i.e. 
effectively increasing data bus 
width). On the other hand, not all 
hand-held systems running on bat- 
teries can deliver the amount of cur- 
rent needed for this. Those systems 
can work at the lowest interleaving 
setting: a single Flash device 
accessed at any one time. @ 


Amir Friedman is vice president for 
U.S. Operations for M-Systems Flash 
Disk Pioneers (Melville, NY). He is 
also a director and founder of the 
company which is based in Tel Aviv, 
Israel. He holds a B.Sc. in Electrical 
and Computer Engineering from the 
University of Wisconsin-Madison, and 
an MBA from Tel-Aviv University 
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TDI has the experience to deliver quality service program "Total Customer Support” and 
workstations and the flexibility you need to guarantee Full Compatibility and 100% SPARC* 
select the ideal peripherals, disk, tape, Compliancy. We will provide custom 


memory, monitors and more. In addition to configurations with a 48 hour turnaround time 
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all this, TDI works with the industry guaranteed, availability is stock. We make it 
leaders...Axil Workstations, Micropolis, and easy! VAR's, Integrators, and OEM's give us a 
Wangdat. We will provide you with our ultimate call today toll free at 1-800-333-4834. 


We're the strength you need to stay competitive. 


Axil MICROPOQLIS {3 Wangpar- 
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Robotic storage systems are already deliver- 





In all of the shifts and trends in data manage- 
ment today there is one constant: the increas- 
ing need for larger scale mass storage. It's an 
unfortunate fact that typically, soon after 
installation, the storage needs of multiple 
client/servers, LANS, WANS and network tech- 
nologies quickly surpass their existing storage 
systems. 


As these new networked systems continue to 
expand and multiply, they require more 
sophisticated storage systems, further expand- 
ed capacities, higher transfer rates, faster 








What to Drive. 





Metrum’s RSP-2150 is the driving force behind the least bucks of any available storage technology. But that’s not 
the most cost-effective data storage. Using high density, helical all. The RSP-2150 backs up a 1 GB disk in 8.3 minutes with a 
scan technology, the drive stores up to 18 GB of information on a —_ data transfer burst rate of 4 MB per second, and a sustained rate 
single half-inch METRUM ST-160 data cartridge. With a media of 2 MB per second. Which simply means that you can drive 


storage cost of about 1/10¢ per MB it provides the most bytes for yourself home a little earlier each night. 


Call 1-800-METRUM-2 -_ 
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automated data storage libraries for their half- 
inch tape cartridge drives. The RSS-48b holds 
48 cantridges and stores from 696 to 864 
See aap ede poy Ae 

individual tape cartridges used. As data sys- 
tems grow, it is possible to add additional 
RSS-48b units until it is more practical to step 
up to Metrum’s RSS-600b, delivering 8.7 to 
108 Terabytes on 600 tape cartridges. 
Combined with state-of-the-art robotics, high- 
density digital tape drives assure high transfer 
fates and fast access to data files stored in the 
robotic libraries. Five Metrum RSP-2150 tape 
drives can be housed within the robotic sys- 
tems. Each drive provides two Megabyte/sec. 
sustained transfer rate and a four Mbyte/sec. 
burst transfer rate through an industry-stan- 
dard SCSI interface. 


A plethora of new data management software 
products are beginning to take advantage of 
the high performance Metrum tape drives 
and robotic libraries to improve data avail- 
upgraded drive technology and data manage- 
ment software assures that the storage 
systems will achieve greater and greater per- 
formance as the needs expand. 

Metrum offers two capacity levels of half-inch 
tape cartridges, the ST-120 offering 14.5 
Gbytes and the ST-160 with 18 Gbytes. The 
next generation cartridge, the ST-180, will 
store 20.5 Gbytes. 

The new network systems themselves are 
adding to the storage systems’ capabilites. 
Fiber optic technology is allowing for signifi- 
cantly enhanced throughput. Through fiber 


optic communications links, the total network 
can achieve increased speed, expanded data 
volume, improved quality and greater securi- 
ty. This combination adds even greater 
benefit to the existing advantages of robotic 
The network systems software is also improv- 
ing the overall storage capabilities, allowing 
for enhanced hierarchical data storage man- 
agement. The final result is that the storage 
capacity is greatly expanded, and every oper- 
ation in the entire network runs faster while 
achieving higher data integrity 
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RSS-600b 





If 18 GB isn’t enough, just call for more back-up. The RSS-b stor- _ up to five tape drives and 600 cartridges for an incredible 10.8 TB 


age libraries from METRUM offer the highest storage capacity of storage capacity. Each storage unit offers fast retrieval times, 
per square foot than any competitor. Choose from two models. broadcast-proven precision robotic mechanisms, and inventory 
The RSS-48b which contains two tape drives and 48 cartridges and security features. Either way, it’s the perfect way to shift 


for 864 GB of storage capacity. Or, the RSS-600b, which houses _ from drive to park. 


Call 1-800-METRUM-2 
For Product Literature 


For technical information, call 303-773-4830 
For reseller information, call 303-773-4574 
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TAPE STORAGE 


Virtual Tape Brings 
Cooperative Approach 
To LAN Backup 


Virtual tape functions as a CPI-C/LU6.2 
gateway between LAN backup software 


and the mainframe. 


he push is on 
right now to find 
ways to link dis- 
tributed and cen- 
tralized comput- 
ing environments 
in ways that 
leverage the 
strengths of both. 

When it comes to LAN data backup, 
the mandates dictated by enterprise 
computing are clear and sensible. 
Maximize the usefulness of the 
corporate data center. Standardize 
the way data is protected for the 
entire corporation. Take advantage 
of IS expertise in backup and reliability 
of the mainframe. Utilize equipment 
that’s already installed. All data is 
corporate data and should be man- 
aged and protected in a standard, 
reliable manner. 

But acknowledging the advantages 
of backing up LAN data to the main- 
frame doesn’t mean LAN administra- 
tors are ready to surrender control 
of their data to IS. Many are using 
server-based backup products from 
companies like Cheyenne, Legato, 
Palindrome and Sytos. While LAN 
administrators would welcome the 
prospect of reducing the headaches 
of tape rotation, off-site storage and 
data restoration, and the persisting 
doubts over reliability and disaster 
recovery, they are unwilling to give 
up the ease-of-use and control these 
server-based systems provide. 

They don’t have to. 


Virtual Tape On The LAN. 


Companies can choose to imple- 
ment a cooperative approach to LAN 
data backup that appreciates both 
the way LANs work and the changing 
role of IS. Virtual tape on the LAN is 
a new solution that functions as a 


CPI-C/LU6.2 gateway between major 
LAN server backup products and 
dominant IBM MVS mainframe stor- 
age management utilities. It offers 
centralized storage and management 
of distributed data, while allowing 
the LAN backup process to continue 
to be administered and controlled 
from the LAN. 

The virtual tape solution is open, 
interfacing with today’s most widely 
installed LAN-based backup products 
so that current backup procedures 
are not disrupted. Instead of selecting 
a tape drive, administrators simply 
send data to the mainframe. 


Intelligent Sharing 


There’s a clear need in the market- 
place for an open solution like this. 
LAN managers want to retain admin- 
istration over their data, and they’re 
comfortable using their proven 
server-based backup systems. But 
they’re tired of coping with the 
constant capacity management and 
media handling issues. IS managers 
are searching for ways to utilize the 
existing corporate data center re- 
sources without forcing mainframe- 
controlled products on the LANs. 
They’re both under pressure from 
corporate management to maximize 
installed equipment investment. 
Virtual tape on the LAN fulfills all 
these requirements without disrupt- 
ing their current procedures. 

Glen McDermed, strategic plan- 
ning analyst at Gartner Group says, 
“This kind of product will enable 
LAN-based backup products to use 
MVS as a virtual tape drive. This 
bridges the gap between local con- 
trol and efficiency of centralized 
operations. It’s the kind of solution 
that appeals to many organizations 
both strategically and politically. 
We see data centers becoming more 





WHY YOU NEED 
MAINFRAME CLASS 
TAPE DRIVES 


EVEN IF YOU DON’T WORK 
WITH MAINFRAMES 


a 
» \ The tape drive format 
you'll be building into your 
corporate computing systems for years to come is here: 
Mainframe Class Tape (MCT), the IBM 3480-compatible 
series of half-inch cartridge tape drives. It’s the preferred 
medium for storage and interchange on mainframes and 
midrange computers worldwide. 
What does MCT offer you over other tape drive 
technologies? 


@ Data transfer as fast as 
ten GB per hour native 


Trouble-free performance 
measured in years 


Guaranteed data 
interchange with 
mainframes worldwide 


The features that make MCT the tape drive technology of 
choice for the mainframes and midrange computers of today 
also make MCT ideal for the corporate computing systems of 
tomorrow. 


Corporate computing systems are migrating to a new 
network architecture which provides distributed applications 
and databases to its users. This new network will include 
dedicated, powerful storage server workstations that will 
reliably manage corporate data assets. These workstations 
will demand the same performance and reliability from 
storage devices as are required by today’s mainframe 
environment. 

Large companies will migrate down from the traditional 
mainframe to the new network. Smaller companies will move 
up to the new network. 

Even with all this change going on, one thing will remain 
constant: MCT. 


TEL: 619-571-5555 
TEL: (+44) 734-891891 


Mamrrame Ciass Tare 


FAX: 619-571-0982 
FAX: (+44) 734-891897 


Corporate computing will still require mainframe class 
tape drives that transfer data quickly and can operate at 
up to 70% duty cycles for years without fail. Only MCT can 
provide these benefits 

Something else only MCT can provide: a format for 
exchanging data that everyone can use right now, regardless 
of platform. Even as MCT evolves from 18-track (3480) to 
18-track/compression (3490) to 36-track/compression 
(3490E), MCT tape drives will be completely backward-read 
compatible, so your customers can continue using their 
existing tape libraries 

No other technology can guarantee that 
kind of interchangeability. Or data transfer 
rate. Or bullet-proof reliability 

That's why no other technology can be 
Mainframe Class Tape. Half-inch, IBM 
3480-compatible cartridge tape drives. As 
you plan the corporate computing systems 
that will take your customers into the next 
century, make sure MCT half-inch 
tape drives are included 

They're your best guarantee that 
the systems you architect today 
will be up-to-date well into the 
future. With or without 
mainframes 


OVERLAND DATA TODAY AND 
SAY YOU’RE INTERESTED IN 
MCT. 


Overland Data Inc. 
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actively involved in LAN backup 
administration, and with good rea- 
son. LAN administrators are anx- 
ious to find a way to eliminate local 
tape handling and local tape drive 
purchases. They want to take 
advantage of IS resources including 
more reliable media and 24-hour 
operations staff available for tape 
mounts, but they are hesitant about 
losing local control over the backup 
process.” “Utilizing the mainframe 
as a LAN backup data repository,” 
McDermed continues, “has the 
potential to reduce the total cost of 
enterprise computing.” 

Many systems integrators and 
OEMs are interested in including 
this cooperative technology as part 
of their bundled product offerings. 
Major companies have already 
expressed interest in interfacing 
virtual tape on the LAN with high 
speed controllers, LAN backup 
packages and storage peripherals 
to create comprehensive systems. 

The virtual tape solution conforms 
to the industry standard software 
and communications protocols 
most organizations already have in 
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# Automatic Switching 
® Automatic Termination 


For more information 
contact Ancot at 





® Two to One Switching 
# SCSI 1 & 2 Fast 
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115 Constitution Drive, Menlo Park, CA 94025 Tel: 415-322-5322 Fax: 415-322-0455 
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LAN Backup 
place. Operating as a NetWare 
Loadable Module (NLM) on the 
backup server or OS/2 process, it 
transmits data on the SAA for 
NetWare integration platform via 
CPI-C-based LU6.2 (APPC) to IBM 
MVS mainframes. 

“Our customers have been de- 
manding solutions that can leverage 
their existing IS staff and main- 
frame-based storage management 
tools to back up and archive their 
NetWare-based mission critical 
data,” said Gerry Machi, vice presi- 
dent and general manager, NetWare 
Systems GroupEnterprise Products, 
Novell, Inc. “The virtual tape solu- 
tion, along with NetWare for SAA, 
provides NetWare customers with a 
comprehensive, enterprise-wide 
solution for their storage manage- 
ment needs.” 

Fitting into the Distributed 
Environment 

Virtual tape provides a gateway 
between LAN backup products on 
the NetWare server and centralized 
storage resources on the main- 
frame. It comes in two parts: one 


COMPLETE 
COMPATIBILIT 


® Single Ended or Differential 
interface 


Ask for a copy of our FREE 
SCSI Switch Book! 
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runs as a NetWare Loadable Module 
(NLM) on a NetWare LAN server; the 
other operates as a VTAM application 
under MVS on an IBM mainframe. 

To users of the LAN backup 
products, the mainframe is trans- 
parent. A LAN administrator can 
send backup data to the data center 
just as if it were another local tape 
drive. The mainframe seems like a 
tape with an almost unlimited 
capacity. Optionally, the LAN back- 
up data, as it ages, can move auto- 
matically through a hierarchy of 
mainframe direct access storage, 
tape and even off-site storage, if the 
mainframe environment includes a 
data migration facility, such as 
IBM’s DFHSM. 

Running on the same server, the 
NLM receives data from the LAN 
backup product just like a SCSI- 
attached tape changer (Fig 1). The 
virtual tape transmits the LAN back- 
up data to the mainframe across an 
LU6.2 connection defined through 
an SAA and X/Open standard CPI-C. 
The data from each LAN backup 
session resides in a VSAM session 
file on a mainframe direct access 
storage device (DASD). Each VSAM 
file appears to the LAN backup 
product like a backup session on 
tape. Each of these “tape sessions” 
are grouped into logical tape vol- 
umes and tracked through a control 
file on the mainframe. If data man- 
agement and migration facilities like 
DFSMS and DFHSM are in use, the 
VSAM session files can be migrated 
automatically through the hierar- 
chy of mainframe storage resources 
to slower DASD, to local tape and to 
archive tape for off-site storage. 

Unlike many distributed storage 
management products, the virtual 
tape solution capitalizes on existing 
LAN backup solutions, while provid- 
ing maximum flexibility of configu- 
ration between LAN and mainframe 
resources. 

By interfacing with server-based 
backup products, this technology 
preserves the benefits they provide 
and extends their capabilities even 
further. It doesn’t disrupt backup 
procedures. It offers another choice 
of device. Instead of selecting an 
automatic tape changer, administra- 
tors send data to the mainframe 

The virtual tape solution reduces 
costs and increases interoperability 
between LAN and mainframe domains 
in the distributed environment by: 
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Around the world over nine million businesses share a common 
wa practice. They back up and store important data on quarter-inch data 
. cartridges. And the brand they choose most is 3M. For good reason. 


3M data cartridges are built for reliability—from the tape formulation to the cartridge itself 
Whatever capacity you need—formatted or unformatted—3M cartridges are ready to save the 


day with proven performance. That’s why more businesses protect important information on 
3M brand data storage products than any other brand in the world. For more information and 
your free “Data Security Handbook” call 1-800-888-1889, ext. 43. 
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Fig 1 The LAN administrator sends data to the NLM, just as if it was another tape drive. 


g@preserving LAN and IS installed 
hardware and software investment; 
gminimizing manual media han- 
dling; 

geliminating issues of media relia- 
bility and capacity management; 
gmaintaining LAN administrator 
control; 

sgproviding IS with centralized man- 
agement of corporate data; 
Soptimizing existing mainframe 
storage processes; 

gextending the usefulness of 
trained IS staff; and 

gcapitalizing on existing, proven 
products specifically designed for 
LAN backup. 

LAN backup administrators can 
utilize the virtual tape on the main- 
frame to serve whatever backup, 
migration or disaster recovery 
needs they choose. Selection of 
files, file groups or directories and 
scheduling of backup, restore or 
migration processes is accom- 
plished using the normal, familiar 
and easy-to-use features of proven, 
industry standard LAN backup 
products. Any resource normally 
backed up by the server-based LAN 
backup product may be directed to 
the mainframe. 

At the same time, administrators 
retain the flexibility to continue 
using their LAN backup products of 
choice. They incur no new training 
costs and sacrifice none of their 


ability to direct the backup process. 


Centralized Vs. Distributed 
Control 


No two organizations have a 
common approach to distributed 
computing. Virtual tape on the LAN 
adapts to meet the requirements of 
each customer’s specific installa- 


tion, whether it be strictly central- 
ized, predominantly distributed, or 
something in between. 

Virtual tape can be implemented 
to the degree and in the manner 
required by individual installations 
and still give organizations the free- 
dom to alter their LAN backup pro- 
cedure as their environments 
change (Fig 2). 

The following are just three 
examples of how virtual tape can be 
used to enhance backup and disas- 
ter recovery functions in specific, 
distinct environments. Many more 
options are possible. 


@Example #1: Distributed 
Administration Use virtual tape 
only as a long term archival solu- 
tion. LAN administrators continue 
to perform normal data backup to 
local media. Mission critical files 
are automatically sent to the main- 
frame for archiving. 

B@Example #2: Centralized 
Administration Use virtual tape 
only as a centralized solution. All 
LAN servers are unattended. 
Complete backup administration is 
executed from the data center’s 
standard LAN backup console. 
Local media handling is completely 
eliminated. Remote servers run 
backups unattended. All corporate 
data is secured in a consistent man- 
ner in a central location. 
@Example #3: Cooperative 
Administration Use virtual tape as 
a cooperative solution for LAN 
backup to the mainframe. LAN 
administrators continue to perform 
short-term local backups. Files 
older than a specified number of 
days are automatically sent to the 
mainframe for safe, centralized stor- 


age and disaster recovery. IS pro- 
vides proven, centralized storage 
management. 
Optimizing LAN Backup 

Virtual tape on the LAN offers 
unique features that optimize LAN 
backup operations: 
Open system architecture based on 
industry standards. Functioning as 
an NLM on the backup server, data 
is transmitted via CPI-C-based LU6.2 
to IBM MVS mainframes. 
Seamless interface with installed 
server-based LAN backup products 
Virtual tape provides the appear- 
ance of a server attached tape 
changer device. 
LZW data compression. Employing 
LZW compressor technology, virtual 
tape automatically compresses data 
as it is shipped to the mainframe for 
optimized transmission rate. 
VSAM file maintenance. Each “tape” 
session is maintained as an individ- 
ual VSAM file. Sessions are grouped 
into logical tape volumes referenced 
by a control file on the mainframe. 
Archiving. VSAM session files are 
eligible to be migrated to main- 
frame hierarchical storage under 
the control of IBM’s DFSMS, DFHSM, 
or other popular independent soft- 
ware vendor file migration facilities. 
Volume management. The creation 
and deletion of logical tape volumes 
is at the discretion of the LAN back- 
up product and administrator. 
LAN-based or mainframe activity log. 
All activity is logged (to SYSOUT or a 
file) on both the LAN and the main- 
frame. The log may be displayed and 
printed. 
Mainframe reporting. A facility on 
the mainframe can be used to 
report on the contents and status of 
the mainframe backup repository, 
including which files from various 
LAN systems were backed up and 
when, and what mainframe 
resources are in use providing 
backup of LAN data. 
Virus protection. Virtual tape can 
include popular virus protection 
software for system-wide security. 
Unattended operations. Through the 
use of central command facilities, 
depending on the LAN vendor, all 
administration may be centralized. 
For sites where local administration 
is not possible, each product can be 
run automatically with no local 
interaction for backup. 
Error recovery and handling. In the 
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Instant Rebates 


Get an instant rebate of $25 to $500 when you 


TEQGAAR buy selected Rexon family backup tape drives. 


Tecmar Backup Solutions 

Bundled products for NetWare, DOS and OS/2 Rebate 
QiCVault 720is 720MB internal, FlexPAK* software 

QiCVault 720ex 720MB external, FlexPAK* software 

DATaVault 2000 2GB DAT external, FlexPAK* software 

DATaVault 4000 4GB DAT external, FlexPAK* software 

ProLine DAT 2000 2GB DAT external, ProServe 4.0 NLM software 
ProLine DAT 4000 4GB DAT external, ProServe 4.0 NLM software 
ProStack 48 48GB DAT autoloader, ProServe 4.0 NLM software 
Macintosh® Solutions 

QT 250 MAC Bundle 

QT 525 MAC Bundle 

DATaVault 2000 MAC Bundle 

DATaVault 4000 MAC Bundle 


*FlexPAK includes backup software for DOS® (QTOS), OS/2® (Sytos Plus for OS/2) and Novell® NetWare® (QTOS NLM) 














Wangtek “Bare” QIC Drives 


For UNIX and integration Rebate 


5150ES 150MB internal 

5525ES 525MB internal @) WANGTEK 
ESS25ES 525MB external 

SIOOOHT ~——1.2GB external high transfer 














WangDAT “Bare” DAT Drives 


For UNIX and integration 


NN) \WNangDAT 3100 2-4GB internal 


3200 4-8GB internal 
3200SE 4-8GB external 











Instant Rebates are available February 1 through March 31. 
To order, contact your distributor. Or call the backup information line: 


1-800-4-BACKUP 


RAM Sa 
MERIS EL 


1 (800) 456-8000 1-808-menteer 


All Tecrnar product names are trademarks or registered trademarks of Rexon/Tecmar, a subsidiary of Rexon, inc. Other product and brand names are trademarks or regstered trademarks of thew respective Comparves 
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event of communication failure dur- 
ing backup, the mainframe VSAM 
session file is closed and the LAN 
backup product is notified immedi- 
ately. Depending on the functionali- 
ty of the specific LAN product in 
use, the backup process either 
begins again or is resumed just 
prior to the point of failure without 
data loss. 

Fast local restore with dual write 
Users have the option of backing up 
data both to a locally attached tape 
drive and to the mainframe, in suc- 
cession. This provides the maxi- 
mum level of backup flexibility, let- 
ting users choose between the 
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LAN Backup 








ENTERPRISE TRANSPORT LINKING AND COMMUNICATING 
(E-TLC) 








ao 








Fig 2 E-TLC provides the inter-system 
management link between backup soft 
ware and the mainframe. 


speed of restoring files from tape 
or, when tapes are stored off-site, 
the convenience of data recovery 
from the mainframe. 

Windows- or DOS-based administra- 
tion. Depending on which LAN back- 
up product is installed, all adminis- 


tration can be achieved using the 
most popular and predominant 
operating systems, Windows or DOS. 


A Tactical 
Solution 

To 

A Strategic 
Problem 
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... and in the world of data interchange the logo always says 
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ITH OUR PEDIGREE OF MORE 
THAN TWENTY YEARS EXPERI- 
ENCE IN DESIGNING AND PRO- 
DUCING 9-TRACK TAPE DRIVES FOR HIGH- 
HIGH-DUTY CYCLE APPLI- 


“With the introduc- 
tion of virtual tape 
on the LAN, IS is 
finally able to 
access LAN data 
without depriving 
LAN administra- 
tors of control over 
their own informa- 
tion,” says Michael 
Peterson, industry 
analyst and presi- 
dent of Peripheral 
Strategies. “After 
all, IS and LAN 
managers both 
have the same 
overriding objec- 
tive: to protect crit- 
ical corporate 
data.” & 


CATIONS, YOU CAN BE ASSURED OF 
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The evidence ts clear. Sony Enhanced 
Data Grade D8 cartridges deliver 
unsurpassed performance. The proof ? 
rot cclurcemeMeiri@ aiiiieliecmera, 
10,000 openings and closings 
An outer shell and media resistant to 
both heat and shock. Plus an archival 
life exceeding 30 years. And up to 
1,500 full back-ups. Hear all the 


facts, Call 201-476-8199 
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The industry is applauding the orches 
tration of a powerful new technology from 


the leader in tape storage, Exabyte 


Pe oe A om —aee a a. 


The Exabyte EXB-2502 Minicartridge 
Tape Subsystem is the ideal SCSI drive for 
PC, workstation, and LAN applications 
This minicartridge tape drive (DC 2000) 
stores an unprecedented 2 gigabytes of 
native data in half the time of any other 3.5 
inch tape drive. And reliability is evident 
through a 200,000 hour MTBF 

The 3M minicartridge is the first to use 
advanced barium ferrite technology. Its dura 
bility and environmental stability make it an 
ideal storage medium for backup and archiv 
ing. And it provides the best migration path 


for higher quarter-inch data densities 


Together, they will bring harmony to all 


of your data storage needs. Call your Exabyte 
representative today or |-800-EXABYTE 


for special OEM information 
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SANKYO 

Sankyo has established a reputation for producing 
the industry's highest quality 1/4-in data cartridge 
tape drives by leveraging avertical integration policy 
with traditional quality by design. 


Sankyo Tape Products Division develops. manufac- 
tures, and currently offers a full line of industry 
standard DC-6000-class data cartridge tape systems 
in 5-1/4-inch, half-height form factors. Products are 
available in a variety of configurations as either board 
drives for OEMs or complete subsystem solutions. 
Every unit offers field-proven reliability backed by a 
two-year tape drive warranty. 


Sankyo fully supports QIC standards to enable data 
interchange and multiple sourcing. Sankyo continues 
its commitment and investment in future QIC devel- 
opment standards for next generation technologies. 


Sankyo. 


Tape Products Division 


( orporate Offices Europe; 
2649 Campus Drive 
Irvine 


Phone: 7 7 Bucks SL8 5XS 
Fax: (7 724-1501 United Kingdom 


Sytos Phus 
Pie Horna Manager 














Unit 9 Eghams Court 
Boston Drive. Bourne End 





SANKYO. . .CERTIFIED 

Sankyo products are software certified for Cheyenne 
{RCserve; Sytron Sytos Plus; NovaStor NovaBack; 
Microlite CTAR UNIX: Emeritus TapeWare; and 
Dantz Retrospect and Surf City SurfGuard. Sankyo 
products supported by Adaptec, Always Technology. 
Buslogic. DPT, Future Domain and UltraStore SCSI 


host adapters. 


SANKYO . . . For VARs and 
SYSTEM INTEGRATORS 


For VARs and System Integrators.Sankyo means stra- 
tegic partnerships enabling you to obtain compatible 
QIC technologies. Quality by Design, Just-in-Time 
JIT) Deliveries and Applications Support from a 
service oriented organization. 


. - Quality By Design 


Eastern Region: 

#98 Palm Springs Drive. Suite 100 
Altamonte Springs. FL 32701 
Phone: 407) 339-7940 


Fax: (407) 260-2121 ca 


Phone: 44) 628-810260 


Call: 1 (800) 4-SANKYO Fax: (44) 628-819435 
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Defining Fibre Channel 


TAPE STORAGE 


For Network And 
Channel Protocols 


Fibre Channel is a new I/O interface for network 
and channel users to expand interconnects for 
tape, disk and other peripherals. 


ibre Channel is the 
general name of sev- 
eral standards being 
developed by the 
American National 
Standards Institute 
(ANSD which togeth- 
er define new proto- 
cols for flexible information trans- 
fer. It began in 1988 as an extension 
of work on the Intelligent Peripheral 
Interface (IPI) Enhanced Physical 
standard and branched out in several 
directions since then. The primary 
objectives are: 
to support multiple physical inter- 
face types; 
to provide a means to interconnect 
those various interface types; 
@to provide high-speed transfer of 
large amounts of information; and 
Mito provide relief for the growing 
set of physical interfaces from which 
manufacturers must choose, many 
of which have limited general use. 


Channels vs. Networks 


There are two basic peripheral 
protocols for device communication: 
channels and networks. Traditionally, 
the term channel refers to a peripher- 
al I/O interface (to a host computer) 
that transports large amounts of 
data between devices. The process- 
ing overhead is kept to a minimum 
by handling data transfer in hardware 
with little or no software involvement 
once an I/O operation begins. On 
the other hand, the term network 
refers to an I/O interface that usually 
supports many small transactions 
with higher overheads, usually the 
result of software involvement in 
the flow of information. 

Channels usually operate in a 
closed, structured, predictable envi- 


ronment where all devices that can 
communicate with a host are known 
in advance and any change requires 
host software or configuration table 
changes. This advance knowledge of 
the configuration is very important 
in the high performance levels 
achieved by most channels. 

Networks, on the other hand, op- 
erate in an open, unstructured and 
essentially unpredictable environ- 
ment. Almost any host or device can 
communicate with any other device 
at any time. This unpredictable na- 
ture requires more software support 
for verification, setting up sessions, 
and routing transactions to the 
correct software service. 

Fibre Channel attempts to com- 
bine the best of these two opposing 
methods of communication into a 
new I/O interface that meets the 
needs of both channel users and 
network users. It virtually sidesteps 
the issue by providing a means to 
transfer data between one buffer at 
the source device and another buffer 
at the destination device. All channel 
and network protocols require buffers 
to hold data they send and receive 

Fibre Channel is unaware of the 
content or meaning of the informa- 
tion being transferred. It increases 
connectivity from tens of devices to 
thousands or even hundreds of 
thousands of devices, increases the 
distance between devices, and 
increases the transfer rate by four 
to five times over the most popular 
channels and up to 100 times over 
popular networks. 

Fibre Channel does not incorporate 
a command set as SCSI or IPI do, but 
it does provide a mechanism to de- 
fine protocols that use the common 
information transfer functions of 
Fibre Channel to accomplish either 
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of those command sets. This means 
that significant software investments 
in various command sets from older 
I/O interfaces can be directly trans- 
ferred to Fibre Channel. This sepa- 
ration of I/O operations from the 
physical I/O interface is an impor- 
tant feature of Fibre Channel and 
makes it possible to use multiple 
command sets simultaneously. 


The Fabric Of Fibre Channel 


Fibre Channel devices are called 
nodes, each of which has at least 
one port to provide access to the 
outside world (i.e., other nodes). 
The components that connect two 
or more nodes together are called a 
topology. All Fibre Channel systems 
will have only these two elements: 
nodes and topologies. The Fibre 
Channel standard defines three 
topologies, but the main emphasis 
has been on one called the Fabric. 

Each Fibre Channel port connects 
to a pair of fibres—one to carry in- 
formation into the port and one to 
carry information out of the port. In 
Fibre Channel, fibres are wires or 
optical strands. This pair of fibres is 
called a link and is part of each 
topology (Fig 1). Data is always 
transmitted in units called frames 
over these links. 

A Fabric (Fig 3) permits dynamic 
interconnections between nodes 
through ports connected to the 
Fabric. Each port in a node, called 
an N-Port, is attached to the Fabric 
through a link. It is possible for any 
node to communicate with any 
other node connected to the same 
Fabric using the services of the 
Fabric. 

The function of the Fabric is similar 
to that of a telephone system—we 
dial some number, the telephone 
system finds a path to our destina- 
tion, the phone rings, and the other 
party answers. If a switch or link 
goes down, the telephone company 
reroutes calls on other paths and 
the callers seldom notice. Most of 
us are not aware of the intermedi- 
ate connections that the telephone 
company switches make to com- 
plete our “simple” telephone call. 

A Fabric is of similar complexity 
to the telephone switching devices. 
In Figure 3, if Node A needs to talk 
to Node C, the information is first 
sent to the Fabric at Port a. The 
Fabric makes an internal connec- 
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tion or set of connections to Port c. 
The information is then sent to 
Node C. It may be necessary to 
select several paths internal to the 
Fabric before arriving at Port c. A 
Fabric is often called a switched 





NODE A 
N_PORT 
0 











Fig 1 A point-to-point topology links only 
two ports. 


topology or a cross-point switch 
topology. 

When the topology is separate 
from the nodes, new technologies 
with new speeds and new functions 
may be introduced without making 
all previous investment in your nodes 
obsolete. The Fibre Channel can 
accommodate a mix of connections 
with different speeds or functions. 

Besides the Fabric topology, 
Fibre Channel standard defines two 
other topologies: one is called 
Point-to-point (Fig 1) with only two 
ports connected together. The 
other topology is called Arbitrated 
Loop (Fig 2), which is a relatively 


Fig 2 The Arbitrated Loop is a cost-con- 
scious alternative for connecting numer- 
ous ports. 


simple and low cost version for con- 
necting smaller number of ports (a 
few tens) together in a loop fashion. 
To better understand the func- 
tion of Fabric topology, let’s contin- 
ue the analogy with the telephone 
system—vwe dial a destination num- 
ber. We don’t have to know the pre- 
cise route to the phone when we 
call. The routing is taken care of by 


the telephone system. The Fabric of 
Fibre Channel performs the same 
function—you give a destination ID 
in the header preceding the actual 
data and the Fabric routes frames 
to that destination. If you dial a 
number incorrectly, the telephone 
company tells you that the number 
is not in service. The Fabric rejects 
frames for invalid destinations in 
much the same manner. If there is a 
congestion problem en route, the 
fabric responds with a busy signal 
and the calling port tries again. 

Just as the telephone company 
can and does configure many 
routes between various points to 
provide reliable service, a Fabric 
can have multiple paths between 
switches to carry more traffic and 
to provide backup paths in case of a 
switch or link failure. 


How Many Ports Can There Be? 


The Fabric is constrained only by 
the number of node ports, N-Ports 
that can be identified in the destina- 
tion address field of frames. That 
limit is set at a little over 16 million. 
For a single integrated system, this 
should meet all needs for quite a 
while. 

The Fabric and Arbitrated Loop 
topologies of Fibre Channel can be 
intermixed in one system to provide 
a variety of service and perfor- 
mance levels to the nodes. In addi- 
tion, a Fabric may use other net- 
works such as SONET or ATM over 
SONET to achieve longer distances 
than can be achieved by the links to 
N-Ports. These links would be found 
be-tween switches distributed over 
a large geographic area. 


Functional Levels 


Some topics just naturally belong 
together and so it is with Fibre Chan- 
nel. Items dealing with producing 
reliable and testable optical links 
are quite removed from how to 
recover from a missing frame of a 
sequence. These separate areas of 
interest are called functional levels 
in the Fibre Channel standard. 
There are five levels defined and 
each one is labeled FC-X. 

@FC-O defines the physical portions 
of Fibre Channel, including the 
media types, connectors, electrical 
and optical characteristics needed 
to connect ports together. This 
level is in the FC-PH standard. 
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High Capacity 2, 4, and 8GB DAT Solutions! 


High Capacity, Performance DAT Storage Solutions 

Our full family of WangDAT drives includes 2, 4, and 8GB 
models, highlighted by our top of the line 3400DX, an 8GB 
DDS-2 data compression drive. WangDAT’s drives combine 


unmatched compatibility, reliability, and mechanical design 


Compatibility Cross Platform Compatibility for Increased Functionality 
provides plug and play operation on Novell networks, UNIX 
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petra ta aaa WangDAT offers drives with an MTBF up to 180,000 hours 
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J Two 90m DAT Cartridges data integrity 
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DAT drive. Today, WangDAT delivers the broadest line of 
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Available Now! Call your WangDAT distributor today or call us at 
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@FC-1 defines the transmission pro- 
tocol, including the 8B/10B encod- 
ing, order of word transmission, 
and error detection. This level is in 
the FC-PH standard. 

@FC-2 defines the signaling and 
framing protocol, including frame 
layout, frame header content and 
rules for use. The bulk of the FC-PH 
standard is for this level. 

@FC-3 defines common services 
that may be available across multi- 
ple ports in a node. This level has 


Fibre Channel 


path is not dedicated in order to 
more efficiently use the link’s band- 
width. 

Class 3: Shouting down the hall 
or an advertisement. Known as the 
“hopeful” link, this class is a con- 
nectionless service that allows data 
to be sent rapidly to multiple 
devices attached to the fabric, but 
no confirmation of receipt is given. 

In Fibre Channel there is an 
optional mode called Intermix. 
Intermix reserves the full Fibre 
































Fig 3 A fabric topology provides an architecture for interconnection in a more dynamic 


topology. 


no standard at present. 

@FC-4 defines the mapping between 
the lower levels of Fibre Channel, 
above, and the command sets that 
want to use Fibre Channel. Here you 
will find mappings of SCSI, IPI-3, 
HIPPI, etc. Each of these command 
sets or existing interfaces is given a 
separate standard since the inter- 
ested parties don’t need or want to 
be bothered with extraneous infor- 
mation about other mappings. If 
you are doing SCSI, you don’t really 
care about IPI-3 or HIPPI. 

Classes Of Service 

Class 1: Direct contact, a face-to- 
face meeting. In Fibre Channel, this 
is a hard or circuit-switched con- 
nection, functioning similar to a 
dedicated physical channel. Using 
this class, the path is not available 
to other hosts, and is nicknamed 
the “selfish” channel. 

Class 2: Notes, messages, and 
short telephone calls. The Fibre 
Channel analog is a connectionless, 
frame-switched link. It carries less 
delay than class one, and no uncer- 
tainty of delivery. If there is conges- 
tion, a busy signal is returned. The 
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Channel bandwidth for a dedicated 
conection, but also allows connec- 
tionless traffic to share the link if 
there is bandwidth available. 


Performance 


A basic premise of Fibre Channel 
is that it is able to replace serial 
HIPPI. Although the parallel version 
does not allow very long distance, it 
is fast—100 Mbytes/sec. Also, IPI-3 
at 25 Mbytes/sec is a second perfor- 
mance mark for Fibre Channel. These 
two speeds as well as 50 and 12.5 
Mbytes/sec make up the four speed 
choices for Fibre Channel (100, 50, 
25, and 12.5 Mbytes/sec). To support 
a net rate of 100 Mbytes/sec, we 
must have a bandwidth of ((800 + 
200) + 62.5) or 1062.5 Mbaud to cover 
the encoding and framing protocol 
overhead. 

Since the calculation is linear, we 
just divide by 2, 4 or 8 to arrive at 
the corresponding rates for the 
lower speeds. The complete set of 
rates for Fibre Channel is 1062.5, 
531.25, 265.625, and 132.8125 
Mbaud. 

The low overhead of Fibre Channel 
is possible partly because of the 


hardware intensive requirements. 
Each port must continuously send 
frames or “Idles” on its outbound 
fibre. Each port in a system 
receives a continuous stream of bits 
continu-ously at over a Gbaud 
(1.0625 Gbaud to be exact); there is 
no time to make decisions in any 
type of processor. There must be a 
real-time hardware assist in each 
port if the kind of data rate adver- 
tised is to be achieved. 

Overhead is a fixed cost or pro- 
por-tional cost that cannot be elimi- 
nated. In Fibre Channel, the over- 
head is measured in lost time 
(increased latency) or bytes per 
second of transfer rate lost. The 
8B/10B encoding is the largest com- 
ponent of the overhead at 25%, but 
the increased baud rate compen- 
sates for it. Additionally, the 
increased baud rate compensates 
for framing protocol. The effective 
rate, in Mbytes per second, is about 
75% of the real transfer rate in 
megabaud per second. That is, the 
electronics and optics speeds were 
increased to achieve the desired 
net transfer rate. 

When HIPPI uses class | or class 
3, it can get more than 103 Mbytes 
per second over a single fibre. If 
HIPPI uses class 2, the effective 
transfer rate is just over 100 Mbytes 
per second, but Fibre Channel 
meets the requirement we stated 
earlier in any class of service. 


Pick Your Media 


Now that we have the speeds 
established, and the rationale for 
those speeds, it is time to discuss 
the media choices available in Fibre 
Channel. Interfaces are driven opti- 
cally and electrically. The two types 
can be combined in a single system 
when there is a Fabric or other 
media-type converter available; a 
Fabric is the only speed converter 
available in Fibre Channel. This is 
important to system integrators. 
There is no need to specify that a 
system with a Fabric has all the 
same type of media, lasers, distance 
or speed. A mix-and-match system 
is quite reasonable and usually less 
expensive that a homogeneous sys- 
tem, and the performance should 
meet all requirements. 

Interoperability may seem like an 
issue here, but a Fabric is normally 
required for larger systems. If the 
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Fact © 
The Wangtek 9000 Series of Thin-film QIC Drives Adds New Meaning to 
Storage Systems Performance and Capacity: 
Superior performance over 8mm solutions, at half the price 
2.1, 5, and 10GB capacities, thanks to our thin film/MR head technology 
Features: Auto Throttle™ for dynamically variable transfer rates from 300-778 KBS, 
and SOFT Load® automatic cartridge loading for VCR-like ease of use 


Fact © 
The 9000 Series Gives You 100% Backward Compatibility With Your Installed Base: 
Read compatibility with ail major QIC formats protects your data investment now and in the future 
SCSI I and SCSI Il interface options provide host adapter compatibility 
Reliability and low cost per megabyte provide compatibility with your budget 


Fact O 
QIC Technology Ensures a Future of Savings: 
We're committed to QIC market leadership 
Our leading edge technology will advance QIC to higher capacities and performance 
Wangtek 9000 Series QIC storage solutions are available today! 


Solution 
Call Wangtek Now at 1-800-992-9916 for Product and Sales Information. 
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Fabric vendors do as we hope, the 

Fabric ports can be changed easily 
from one type to another with little 
or no interruption to the rest of the 
Fabric. 


The Future Of Fibre Channel 


Before a standard has a future, it 
must have a present. Fibre Channel 
is here; it is receiving considerable 
attention from most high-tech cor- 
porations. Some components, ex- 
pected in the first half of 1994, will 


Fibre Channel 


make viable systems a reality. Since 
the time to produce a new product 
is considerable, especially with new 
technologies and interfaces, the 
plans for these products have been 
in place for some time. 

All of the components to build a 
Fibre Channel system are available 
now. Some of these components 
were built based on an earlier level 


of the standard than is now available, 


but valuable development work can 


be achieved with these components. 


UNLIKE THE OTHERS, 
OUR TAPE DRIVE WON’T DO THIS. 


If you've ever had visions of your 
tape being eaten, torn or mutilated, 
here's something to digest 

Philips LMS drives use fixed heads 
with air bearings rather than the 
technology used in a regular VCR 
Instead of the tape wrapping around 
a rotating head, it floats on air. There's 
absolutely no contact. And, 
therefore, no wear and tear. 


We also offer 16.8 GB capacity 
A quick data transfer rate of 6MB 
second. Outstanding performance 
And reliability you can't expect from 
any other drive 

For more information and a White 
Paper on why you need ¢ 
1/2-inch tape technology, 

please call 
1-800-777-5674 


PHILIPS 


L M S 
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These systems can operate at either 
the 25 Mbytes/sec rate or the 100 
Mbytes/sec rate. These are baseline 
feasibility systems, or beta test sys- 
tems as they are sometimes called. 

There are plenty of suppliers of 
Fibre Channel components. Almost 
any high-tech corporation has parts, 
or is buying parts or is planning to 
buy parts for Fibre Channel. 

The first beta test site for Fibre 
Channel is at Lawrence Livermore 
National Laboratory in California 
The laboratory has 32 by 32 cross- 
point switches, nodes, ports, and 
software which are working on sev- 
eral UNIX platforms. 

The ANSI committee X3T9.3 is 
responsible for developing the suite 
of Fibre Channel standards. Open 
meetings, with representatives from 
many companies, are held at regular 
intervals. This committee produces 
the standard, but it is not responsible 
for making judgments about or for 
compliance testing of implementa- 
tions. Compliance or conformance 
testing is usually done by indepen- 
dent companies or organizations. 

The Fibre Channel Association 
(FCA) is a cooperative organization 
independent of the standards com- 
mittee. This is a fee-for-joining orga- 
nization that is open to any company. 
Its purpose is to promote the use of 
Fibre Channel. 

The Fibre Channel Systems Initia- 
tive (FCSD is a closed organization 
made up of representatives from 
Hewlett-Packard Company, IBM 
Corporation, and Sun Microsystems 
Corporation. Its purpose is to 
promote early implementation of 
Fibre Channel for their workstation 
products. By defining interoperable 
subsets of the standard, products 
from the three companies can inter- 
operate. Also, suppliers of Fibre 
Channel products to these compa- 
nies will be required to meet the 
subset requirements. @ 


Jan Dedek is president of Ancot 
Corp. (Menlo Park, CA) Gary 
Stephens is president of FSI consult- 
ing (Tuscon , AZ) 
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Library Integrators Address 
Key Technical Issues In 
Automating Network Storage 


obotic autochangers are one solution for imple- 
menting network storage automation. These sys- 
tems can be segmented into three general cate- 
ories: internal stackers/ loaders, desktop 
libraries and large floor-standing libraries. Desktop 
libraries using high capacity 4 mm and 8 mm tape sys- 
tems typically support capacities of 100 Gbytes or more. 
Although floor-standing libraries are the obvious choice 
for very large networks with storage requirements of sev- 
eral hundred Gbytes, desktop libraries address the 
widest range of general network storage needs. 


Stackers vs Libraries 


As with most emerging markets, automated network 
storage can be a confusing domain of new terminology 
and blurred product differentiation. Some vendors of low- 
end stacker and loader mechanisms have attempted to 
position their products as true libraries. However, there 
are two clear distinctions that separate stackers from 
libraries. First, a library will accommodate a significantly 
higher number of media than stackers. Stackers or load- 
ers are commonly built with an internal drive as part of a 
5.25-in. form factor device, limiting the capacity to four to 
six tapes. Desktop libraries offer at least twice the media 
capacity, while larger floor models can contain hundreds 
of cartridges. 

Second, libraries are distinguished by their ability to 
randomly access any tape cartridge with complete soft- 
ware control of the process. The most common library 
design provides separate SCSI addresses for the drive 
and the robotics mechanism, providing maximum flexibili- 
ty in configuring the library for use on a SCSI bus. 
Stackers are constructed with only a single SCSI address 
so that any command going to the mechanism must be 
passed through by the drive, making it impossible for the 
drive and mechanism to receive data simultaneously. 

True libraries are also much more reliable designs 
than stackers/loaders. Today's desktop libraries include 
robotic changer mechanisms that will likely outlast the 
tape drives included in the unit. The minimum acceptable 
standard for the changer is nominally 100,000 media swaps 
between failure, particularly in random search operations. 
Stacker designs don’t approach that level of reliability, 
and likely never will as these devices were never intend- 
ed for intense random access operations and as a result 
use less robust mechanics in the changer mechanisms. 

The complexity of stacker/ loader designs also makes 
these changers more expensive to repair, both in terms 
of the physical repair and the down time involved. The 
changer mechanism and the tape drive are a single device, 
making it more difficult and time consuming to repair. A 
jammed mechanism in an internal stacker could result in 
having to bring the file server down, disrupting the net- 
work. Library designs allow a simple drive swap that 
takes 30 minutes or less. In dual-drive libraries, the repair 
can be done on the first drive while the second drive con- 
tinues to operate so that the library is never out of service. 
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The more innovative library architectures include dual 
tape drives that allow the first drive to write information 
coming from the server while the robotic changer is 
instructed to retrieve a tape so that a file can be read 
back at the same time on the second drive. A dual-drive 
library also supports direct tape-to-tape copies, a key fea- 
ture in producing tapes for secure offsite archival stor- 
age. This level of functionality is impossible with stackers 
and loaders unless a second unit is purchased 
Library Advantages 

The attraction of automated libraries is easy to see 
Adding a desktop library to a network storage system 
offers three principal benefits: improved data security 
increased organization of storage media, and significant 
cost savings 

Perhaps the most attractive feature of a desktop tape 
library is that, coupled with appropriate software, it elim- 
inates human errors from the data security equation 
Repeated studies have demonstrated that human error, 
not hardware failure, is the common cause of data loss 
Programming a software application to automatically 
backup or migrate files off the hard disk to tape based on 
specified criteria ensures that the routine will be per- 
formed perfectly every time, protecting critical information 

The switch to automated storage libraries can virtually 
eliminate media storage and organization problems. With 
dozens of cartridges loaded into the library, network 
managers no longer have to go searching through several 
individual tapes trying to locate a single file that was 
removed from the server but has been requested by a 
network user. Virtually al! critical data are now available 
on the near-line library. Under HSM software control the 
automated storage system will prompt the administrator 
for the specific tape to load if it is not found among the 
current library files. 

The best library designs further add to organizational 
simplicity by keeping a full data set of multiple tapes 
together in a single magazine. Instead of the administra- 
tor loading individual tapes into slots in the library, the 
media magazine is pre-loaded with tapes prior to being 
inserted into the library. Today's backup and migration 
sessions can easily span several tapes. Using the maga- 
zine approach, all of the tapes relating to a specific back- 
up session are stored together, eliminating any chance of 
misplacing any individual tape. Media magazines also 
provide a high level of data protection. With a secure 
dust cover in place, magazines are the ideal transporta- 
tion medium when moving tapes to offsite vault storage 
The magazine provides a contaminant-free environment 
both during transportation and shelf storage of critical 
data. 

The most persuasive argument in favor of adding an 
automated library to a network storage environment is 
clearly cost savings. A 4 mm-based automated desktop 
library can be purchased for around $7,500 with a hard- 
ware cost of just 11 cents/Mbyte. Based on the above- 
mentioned estimate of network administration—as high 
as $40,000 a year for 2 Gbytes of data—the system could 
pay for itself in months. Moreover, the automation capa- 
bility requires very little additional training for the 
administrator and is based on tape technologies that are 
well-proven and with which LAN managers are comfort- 
able @ 

Dan Stromska is vice president of sales and marketing for 
ADIC (Redmond, WA). For more info circle 107. 
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MCI Relies On DPT SCSI Adapters... 


MCI has made DPT SCSI adapters a key part of its technology strategy. 


As one of today’s leading technology companies, MCI knows that high-performance 
servers and workstations need high disk throughput, compatibility, and flexibility for 
growth. That's why MCI relies on DPT SCSI adapters as an integral part of its networked 
systems. 

“Compatibility, reliability, and performance were key factors in our 
decision process in choosing a SCSI host adapter. DPT outperformed every- 
thing else we tested in these critical categories.” That's because DPT adapter 
support is integrated into every major multi-user Operating System available today, 
including Novell, UNIX, OS/2, Banyan VINES, NEXTSTER and Windows NT. Full support 
for a complete range of important SCSI peripheral products and software is also in- 
cluded 

“At MCI, the only certainty is that things are certainly going to change! 
That’s why we like DPT’s growth path. With their unique approach, we can 
add extra capabilities such as caching or RAID support, whenever we 
want.” Attach a cache module and add up to 64MB of hardware cache using industry- 
standard or DPT’s ECC-protected SIMMs. Then add RAID 0, 1, or 5 support by simply 
attaching another easy-to-install module. It's a proven approach designed to keep pace 
with the growth and changes in your system, and only DPT has it 

DPT’s new Storage Manager, called “a new standard in storage management” by 
LAN TIMES, is included free with every DPT SmartCache III adapter. Storage Manager 
gives you complete device inventory and configuration data, diagnostic and performance 
tuning abilities, capabilities for remote communications and alert broadcasting, along 
with the ability to implement complex RAID structures with simple “point-and-click” 
commands 

DPT supplies SCSI technology to the world's largest computer manufacturers, and 
has an unsurpassed record for product reliability among the foremost distributors in 
over 40 countries. Call today and receive a free copy of “Understanding RAID” and 
“Hardware and Software Caching Combined.” 


800-322-4378 


Distributed Processing Technology - 140 Candace Drive - Maitland, Florida - 32751 - FAX 407-260-5366 
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‘DPT offers 

high performance, 
real value and great 
compatibility in a 
single SCSI solution... 
it’s exactly what we 
needed at MCI.” 


Melanie Noe 
LAN Administration 


AADPT 


for complete SCSI solutions 
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hen you consider the value of all the data on a 

network, any backup system is a wise invest- 

ment. But now you have a choice. PowerTape 
Series 4000 from Colorado Memory Systems. With a native 
capacity of 2 GB and 4 GB using data compression 
PowerTape can handle virtually any backup task 


The PowerTape 4000 system includes a backup tape 


drive, SCSI controller, Colorado Backup” software, data car- 


tridge, and more. At $1,695 msrp why pay more and get 
less? And, if 4 GB is more than you need, a 2.4 GB model 
is available with the same high peformance features at only 


$1,295 msrp. And a new low-cost 1 GB model is available 
At only $799 msrp, it's the most affordable PowerTape ever 
With PowerTape, you get easy restores and backups 
plus the reliability of QIC Industry Standard Format 
PowerTape offers broad network compatibility including 
Novell’ NetWare”, NetWare Lite”, LANtastic’, and IBM’ 
PC-NET and operates under UNIX", OS/2° and Microsoft” 
Windows NT™ operating environments. And all PowerTape 
systems are backed by the best support in the industry 
Call 1-800-451-0897 extension 3111 today for a 
FREE Colorado Total Backup catalog 


POWERIAPE 





SERIES 4000 
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